Some mononitrosysls of cobalt. by Varothai, Orasa.
IJNI\/ERSITY OF SURREY LIBRARY
AlITUOR GRASA VAROTHÂI, TITLE SOME MONONITROSYLS OP COBALT.
I agree that the above thesis shall be available for reading in accordance with the 
regulations governing the use of University of Surrey theses.
Author’s Signature
USER'S nECLARATION
I undertake not to reproduce any portion of, or to use any information derived from, 
this thesis without first obtaining the permission, in writing, of the Librarian of 
the University of Surrey,
DATE
a o o o o o O f » o o o â » e A d « (  o a o o o a o o o e o a a a a o o a a o o o o a a
ooooQo>oaooaooooaa<
a a a o o e o o Q O e o
o o d o o e o o o o o o o o o e o
SIGNATURE ADDRESS
o o o o o o o o o o o o o o e e e o o o o o o o o o o
o o o o o o o o o o o o o o o o e o o e o o o o o o o o o  o o o o
o o o o o o o o o o o o o e o o e o o o o o o o o o o o o
OOOOOOOOOOOOOOOOOOO
0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
990999099000
0 0 0 0 0 0 9 0 0 0 0 9 0 0
0 9 O O O O O O O O 9 0 0 O 0 O O O O 9 0 O O O O 0 O O O
0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0
o o o o o o o o o e o o o o e o e o o o o o o o o o o e
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0
0 9 0 0 0 0 0 0 0 0 0 0 9 0 0 9 0 0  0^ 0 0 0 0 0 9 0 0 0 0 9 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 9 0 9 0 0 9 0
68R/I
ProQuest Number: 10131309
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10131309
Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
-3;r-A/m-
INIVERSITY OF SURREY
Regulations for Higher Degrees; Copyright
Preamble
Dissemination of knowledge is Oiie of the objects of the University, 
Therefore Members of the University and others whc submit theses for 
higher degrees are expected to relinquish to the University certain 
rights of reproduction and distribution.
Moreover it is recognised that applicants owe a duty to their Departments 
of study, the Academic Staff and sponsoring bodies for their respective 
contributions to the research. Within the limits of these requirements, 
the author’s copyright is safeguarded.
Regulations
1. IVhen submitting a thesis for the purposes of a higher degree the 
applicant shall sign an irrevocable authority in prescribed form 
appointing the Librarian his attorney with the right to reproduce 
the thesis by photocopy or in microfilm and to distribute copies 
to those institutions or persons who in the Librarian’s opinion 
require them for academic (as distinct from commercial) purposes.
2. The Librarian in consultation with the appropriate Department of 
study or sponsoring body shall have the right to refuse to provide 
copies or to impose such conditions as he thinks fit on the 
provision of copies, with the object of safeguarding the applicant's 
copyright and the interests of the University and the sponsoring 
body,
3. These Regulations are subject to requirements of any body under 
whose sponsorship the research project giving rise to the thesis 
is carried on.
68R/I
•‘t '"-A. 4-».« " ' ■•.■? , ... (4^  « a», ,.#*.■>•» i
(5905145)
URROTHfll,dx SOME MONO
SOME MONONITROSYLS OF COBALT
A Thesis presented to the University of Surrey 
for the degree of Doctor of Philosophy 
in the Faculty of Biological and Chemical Sciences
By
ORASA VAROTHAI
The Inorganic Research Laboratories,Department of Chemistry,University of Surrey,London, S.W, 11. April, I9 6 9 .
—  2 ^
A C K y O W L E P G E H S N T S
The author wishes to express her most sincere 
appreciation to Professor J.E. Salmon, Head of the Chemistry 
Department, for his encouragement, and to her supervisor,
Dr. L.F, Larkworthy, for his genial and ever-willing help 
throughout the work.
The author would like to thank Or. A. Earnshaw 
for valuable discussions on magnetic measurements,
Mr, E. Hopwood and Mr. P. Davies for the preparation of 
some organic compounds, Mr. W, Brench and Mr. B, Wigaell for 
glassblowing, and the Technical Staff of the Department 
generally.
Finally, thanks are due to the University of Medical 
Sciences, Bangkok, Thailand and the Thai Government for 
granting leave for this course of study.
3 -
A B S T R A C T S
The work in this thesis covers:
(a) The preparation of Schiff’s bases of different 
types, and of their cobalt(II) complexes in particular,
(b) The preparation of the corresponding mononitrosyIs.
(c) Investigations of the properties of the complexes 
by a variety of physical techniques.
Most of the complexes investigated were air-sensitive 
so that it was necessary to prepare and handle them under 
nitrogen or in vacuum.
The bidentate ligands used were variously substituted 
salicylaldoximes. The cobalt(II) complexes obtained from 
these were found from magnetic measurements to be low-spin, 
planar compounds. The oxime-mononitrosyls were essentially
diamagnetic, and probably have tetragonal-pyramidal structures. 
It was found that generally e 1 ectron-withdrawing substituents 
increased the HO stretching frequency, but this was not as 
clear cut as in previous work.
The cobalt(II) complexes of the quadridentate ligands 
acetylacetoneethylenediimine, trifluoroacetylacetone- 
ethylenediimine, and benzoylacetoneethylenediimine were also 
investigated, but the first could not be obtained pure.
The corresponding raononitrosyls and the nitrosyl of 
dibenzoylmethaneethylenediimine were also prepared.
The cobalt(II) and manganese(II) complexes of 
quadridentate Schiffsbases prepared by condensing 
salicylaldéhyde with 1:3~propanediaraine and 1 :2-propanediamine
wer© investigated. Both cobalt complexes formed 
mononitrosyls readily. The nianganese( IX) complex of 
lî3 “propanediaoine has been reported to react reversibly 
with nitrogen, oxygen and carbon monoxide; and would therefore 
be expected to react with nitric oxide. In fact neither 
manganese complex reacted with nitric oxide, and the samples 
of the 1: 3*'Pï*opanedlaaaine complex would not react with 
nitrogen or oxygen either. Some investigations of the 
cobalt(II) complexes of Schiff’s bases derived from 
sulphonated salicylaldéhyde were also carried out.
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C H A P T E R  I
GENERAL INTRODUCTION
8 _
1.1. HISTORICAL INTRODUCTION
The structures and reactions of many cobalt(XI) 
complexes of bidentate and quadridentate ligands areriiknown. The bidentate ligands considered in this thesis
are oximes obtained from the interaction of substituted 
salicylaldéhydes with hydroxylaminehydrochloride L.l - L,9, 
and imines L.IO — L.ll obtained from condensation of 
salicylaldéhyde and some aromatic primary amines. The 
quadridentate ligands are all Schiff*s bases of both 
straight- and branched-chain primary amines obtained by 
condensation with various ring-substituted aryl-aldehydes 
as well as alkyl, aryl and lialogenated ]3-diketones L.12 - L.20 
[Figure 1.].
The cobalt(II) complex of salen [Figure 2] was 
noticed to change colour on exposure to air, and the
colour change has been shown to be due to ccmbination
[3 Siwith oxygen which is reversible. * The complex
possessed one unpaired electron = 2.5 B.M.)^^^ and
was therefore likely to be a spin-paired, planar complex
with 3d 4s 4p hybridisation. An X-ray structural study
[3 51has confirmed this. Calvin * considered cobalt
salen to have the formula
HC =  W N =  CH FIG. 2
- 9
FIG. I
L.l Salox
^  CH=NOHa.
Î- • 2 7-Me thy 1 s al ox
^  ^C=NOHa.
L.3 5-Methylsalox
H^C CH=ta 
S - ^ O H
L .4 5~Chlorosalox'
Cl CHINCHXX.
L.5 3-Methoxysalos
_ CH=NOHÇK.»
0CH3
L .6 5“Methoxysalox
CH=KOHY:.
L.7 5-^^tro8alox
0„N ^  CH=NOHXX. ^
L .8 3-Mtrosalox
CH=NOHÇ:.
L.9 3:5-Mnitro8alox
CH=ïvOH
L.IO 5-Sulphosal-anil
XX. ^
L. II 5”Sulphosal-.sulphanil
C H = N - Y \ - S 0  ,KHYC. ^
10 -
FIG. I (continued^
CH=ÏÏ— (CH )-F=HC
HOOH
L. 13
C H = N — (CH )-N=HC
OH HO NO,
5~SulpliosalenL.I4
C H = N — (GH_)~N=HC
OH HO
Sal“l:2-propaneL. 15
CH
C H = N —  CH/r- CH— N= HC
HOOH
L.I6 Sal-1:3-propane:
C H = N —  (CH_ ) —  N=HC
OH HO
lîL-
FIG, I (Continued)
AoaoenL. 17
CH
HC CH
OH HO —  C
CH
TrifltioroacacenL.I8
CP,
G
HC CH
OH HO
CH
BenzroylacetoneenL. 19
CHHC
C — OH HO — ' C
CH
L 20 Dibenzoylmethaneen
_C — H —  (^^o)o =  C
HC CH
OH HO— C
-  12
T61but Dieîil^ considered it to contain a water bridge between 
the cobalt atoms of two cobalt salen units. The latter 
formulation has been favoured in recent review articles, 
but has been disproved by deuteration and other studies, 
Various ring-substituted cobalt-salens werenilinvestigated by Bailee and Calvin in order to study their
oxygen-carrying and magnetic properties. Their magnetic 
properties have also been studied by Earnshaw, Hewlett, King
ri2 iand Larkvrorthy, In both investigations magnetic
studies down to liquid nitrogen temperatures showed that
most of the compounds had magnetic moments of
2,1 - 2,9 B,M, as expected for planar cobalt(II) complexes.
However, certain monohydrated complexes were apparently
five coordinate tetragonal pyramidal compounds, on account
of the coordinated water molecule, and these had different
magnetic, spectral, and oxygen-carrying properties.
Oxygenated cobalt-salen (1 0^ absorbed per 2 Co atoms)
had = 0 . 6 9  B,M,, and it was considered to be diamagnetic
with the Siîîall moment ascribed to incomplete oxygen
f3labsorption. It was considered to be five coordinate 
3with dsp hybridisation and a tetragonal pyramidalr i3iarrangement,
Diehl^^^ found that one molecule of cobalt-salen 
could absorb one molecule of nitric oxide. This led to 
the preparation of many ring-substituted mononitrosyls 
complexes by Earnshaw, Hewlett and Larkworthy,
13
These complexes gave non-conducting solutions in 
nitrohensene. Their fractional magnetic moments at room 
temperatures were believed to be due to temperature 
independent paramagnetism, the odd electrons on the cobalt(II) 
atom and the nitric oxide molecule having paired. From the 
magnetic results, the compounds might be regarded as 
containing cobalt(III) and coordinated NO , or cobalt(I) 
and coordinated NO*, The compound, nitrosyl-bis(NN- 
dimethyldithiocarbamato)cobalt is known from X-ray investiga- 
tions^^^^ to have a tetragonal-pyramidal structure. Cobalt 
salen nitrosyl is likely to have the same structure since 
both compounds are diamagnetic and have similar NO stretching 
frequencies, Griffith^^^^ and Lewis et al.^^^^ assigned 
NO stretching frequencies that fell in the range 2 3 OO-I5 I5 cm ^ 
to coordinated NO*. Gans^^^^ suggested the ranges 
1 5 OO-I7 0 O cmT^ for coordinated NO , 1700-1940 om ^ for 
coordinated NO*, and the latter assignments are now thought 
to be correct so that the cobalt nitrosyls are considered 
formally to contain cobalt(III) and NO .
Mukherjee and Ray^^^^ claimed to have prepared 
the cobalt(II) complexes of the quadridentate ligand 
ethylenediamine bis-sulphosalicylaldehyde (L.12 - l4) 
and the bidentate ligands, sulphosalicylaldehyde sulpha- 
nilamide and sulphosalicylaldehyde-aniline (L.IO + L.ll),
Owing to the presence of sulphonic acid groups, the 
sulpho-substituted chelates behave differently from the 
unsubstituted chelates with respect to their physical and
14
chemical properties, particularly solubility. Also the 
cobalt(II) complexes of this type of ligand were reported 
to have a variety of magnetic moments, e.g. 3.72 B.M, 
lower than usually found for cobalt(II) compounds with three 
unpaired electrons, 4.38 B.M, for the sulphanilamide complex, 
and 1,55 B.M. for the cobalt ethylenediamine bis-sulphosali- 
cylaldehyde complex. The last value is unusual for “ . 
cobalt(II) compounds with one unpaired electron. It was 
also reported that the sulphosalicylaldehydeethylenediaminer 2iicobalt cociplexhad no oxygen-carrying property.
The cobalt(II) complex of the quadridentate ligand 
derived from ethylenediamine and acetylacetone was preparedr 221by Morgan and Smith, ■* A ring system was then introduced 
to this series (benzoylacetoneethylenediimine) by 
McCarthy et al,^^^^ The cofoalt(ll) complexes of both 
ligands, and complexes of other transition metals were 
examined. The square planar structure was suggested to 
be very stable for this type of chelates, Trifluoroacetyl-
acetoneethylenediimine has also been used as a ligand, but 
its cobalt(II) complex has not been reported.
Prom magnetic and infrared studies, Nast^^*^ concluded 
that Co(acac)g,NO contained cobalt (I) and coordinated NO*.
Salicylaldehyde-l,3 -propanediimine was used as a 
quadridentate ligand to prepare a manganese(II) chelate by 
Johnson and B e v e r i d g e . I t  was reported to combine 
reversibly with CO, 0^ and N^. Because of the similarity 
between CO, 0^ and NO, the reactions of NO with transition-
15 -
metal complexes of this ligand and the related ligand
(salicylaldehyde-1 ,2 -propanediimine) are of interest.
The bis-(salicylaldoxiraato)CO(II) chelate, reported
by R a r a a s w a m y f h a s  been investigated by infrared
spectroscopy. Related ring substituted bidentate ligands
r27lwere used in the work of Burger, Ruff, Ruff and Egyed,
1.2. NITRIC OXIDE COMPLEXES OF TRANSITION klETALS
r 28 291Nitric oxide is a colourless, paramagnetic gas,^ ’
At normal temperatures it is a stable free radical with the 
resonance structures.
® X). Û X* ^ ®;N — OJ ^  "'■*> :N s=w O <—— ■ ■ ■> :N ssw 0, * *  . XX
The molecular orbital configuration is
which gives a bond order just under three, i.e. one 4 and 
two Ti bonds minus the antibonding effect of the single 
electron in the 7T^ orbital, agreeing with the determined 
N “ 0 bond length of 1.15 It has a low ionisationr 1 11potential (9.5 eV), The electron in the antibonding
+orbital is easily lost to give a nitrosonium ion, NO , 
of the structure [ :N “  Infrared studies show
how the bond order changes; thus the N-0 stretching 
frequency is I8 7 6 cm*"^ in NO and 2275 cm ^ in the 
nitrosonium ion,
C3 5 36]Nitric oxide can form covalent and ionic compounds, ’ 
and coordinate to transition metals. There are five
16
ways .37lfor nitric oxide to coordinate * :
1. M :N =  O*
0
3, M® *—  :N =  O; M a  N c= %(I) (II)Q O*» HX3. •«- : N —  OjJ
4. (N —  0 >®
s.  X X5. ^-N z= o;
1. This consists of straightforward donation of an electron 
pair from the neutral nitric oxide molecule yielding 
paramagnetic complexes, the odd electron remaining in the 
antibonding orbital of the nitric oxide. It is possible
to have two centres of paramagnetism, the metal and the 
NO.
2 . The nitric oxide donates the odd electron to the metal 
reducing the oxidation state by one, and coordinates as the 
nitrosonium ion, three electrons being donated in all. 
According to the valence bond approach back bonding from 
the filled d orbitals of the metal to a p orbital of the 
nitrogen (or equivalently to the empty antibonding
orbitals of the NO) can occur yielding the double bond 
resonance structure (II), An alternative explanation 
for this bonding is to regard it as similar to that in 
(I) where the odd electron of the nitric oxide molecule 
pairs with an odd electron of the metal to form a 'g-bond.
- 17 -
3, This involves an increase in the oxidation state of the 
metal by donation of an electron from the metal to the 
nitric oxide molecule followed by coordination of the 
NO group by donation of an electron pair. Donation of 
an electron into the antibonding orbital of the nitric
oxide would lower the stretching frequencies, coordination
would lower the frequency even further, and absorptions 
around 1100 cm ^ were considered to be due to MO
ri7ialthough this correlation is now considered in error,^
4, The metal-nitrogen-oxygen bond angle is not l80^ as in 
bonding of type 2 but at an angle approaching 9 0 ^. The 
Tt-electrons in the multiple bonds of the nitric oxide 
coordinate to the metal in a similar manner to that in 
ethylene-transition metal c o m p l e x e s , I n  these 
compounds an empty hybrid orbital from the metal overlaps 
with the electron cloud between the carbon atoms. Bade 
donation by the filled d or dp hybrid orbitals of the 
metal into the antibonding orbitals on the ethylene 
molecule then occurs. This type of bonding is similar 
to that of type 2 [Figure 3].
^  6 bond 
^  1T bowel
FIG.l
18
5. This bonding resembles that of CO in the polynuclear 
carbonyls.
Thus it may be seen that the coordinated NO group in 
metal complexes can be considered as neutral (NO), anionic 
(N0~), or cationic (NO*). Neutral NO was thought to be 
coordinated in the raononitrosyl derivative of haemoglobin, 
but infrared evidence was not g i v e n . L e w i s ,  Irving 
and W i l k i n s o n ^ p o s t u l a t e d  anionic stretching frequencies 
in the range 1040-1200 cmT^ and cationic in the range 
1575-1940 cm”^ while Gans^^^^ stated I5 OO-I7 OO cm”^ for N0~ 
and 1 7 OO-I9 4 0  cm"^ for NO*.
Electron spin resonance studies have been reported^^^^
to show the odd electron to be localised on NO. Various
molecular orbital schemes have been proposed for
m o n o n i t r o s y l s . I n f r a r e d  work^^^^ suggested NO
was bounded to the metal through the nitrogen atom, with
the metal, nitrogen and oxygen atoms colinear. McNeil
et a l . considered that lower nitric oxide stretching
— 1frequencies around I6 5 O cm" indicated a bent M-N-O bond, 
and around I9OO cm ^ a linear bond, but this work has never 
been reported in detail,
Bernal and Hockings^^^^ considered that the metal- 
nitrosyl complexes have electrons delocalised to different 
extents over the M-N-0 bond, and did not attempt to assign 
formal oxidation state to metal or nitric oxide. X-ray 
work^^^^ showed the NO bond to make an angle of 139*  ^to the 
pyramidal axis in nitrosyl bis(dimethyldithiocarbamatd)cobalt.
- 19 -
Chatt and. Dun.c'anvsôn^^^^ considered that NO ‘formed ah 
umeymmetrical TÇ-complex usihg this typo of foand^ The compound 
was found to be almost diamagnetic, to have an NO stretching 
frequency of 1 6 2 5  cra"‘^, and to have a square pyramidal
A series of cobalt Schiff*s base nitrosyls
[ 4 ]
structure,
investigated by H e w l e t t w e r e  found to have similar 
magnetic properties and spectra, suggesting that their 
structures were also pyramidal with the same type of metal
3to NO bond. The possible metal hybridisations are dsp ,
2 3or d sp giving an octahedral arrangement having a lone 
pair at one apex.
Co(i) d8
Co(m) d^
dsp - 
d'sp"
3 c i 4 P
n M l' U 11 ; x x X X [ x . X x X X
y._._r - - . ............., -
n 1 k 11 X X X X X X X X X X X X
The exact orientation of NO with respect to the 
metal in the Schiff’s base nitrosyls is unknown. The 
metal-nitric oxide bond may be "end-on" through the
20
nitrogen atom yielding a linear M-N-0 arrangement, or 
’•parallel” to the ligand plane using the 7€~electron density of 
N-O to bind to the metal, or intermediate between these 
two extremes.
Metal nitrosyls are considered to depend for their 
stability mainly on the formation of metal to NO TC~bonds, 
i.e. back donation of d electrons of the metal into 
TC~orbitals of the coordinated NO group is thought to occur.
The bonding of NO to a metal can be visualised as follows :
PIG. 4 FIG. 5
The sp hybrid orbital of nitrogen of the NO and
3 2 3 Jdsp or d sp hybrid orbitals of the metal form a 6 bond,
21
Rotation of the NO about its linear axis permits overlapping
of either of the d orbitals of metal with the p orbitals
of the N atom of the NO [Figure 4] or more accurately with
the antibonding orbitals of NO [Figure 53- The filled
3 d and 3 d orbitals of the metal overlap with the two xz yz
empty antibonding orbitals of NO (imagined coordinated 
as NO*) to form a Tt-bondo
When the NO group forms a bond with the metal by 
donation of TU-electron density into a dsp or d ""sp hybrid
». 6 i ) o n d  
I lf bond
z FIG. 6
orbital of the metal, the antibonding NO orbitals are 
still able to overlap with the d and d orbitals so that 
back bonding is still possible [Figure 6 ].
The above-mentioned (end-on and parallel) M-NO bonds 
are extreme cases. From its structure, the dimethyl- 
dithiocarfoamato-nitrosyl presumably shows an intermediate 
type of metal- NO bonding. If changes in other ligands 
reduce the electron density on the metal this will diminish
- 22 -
the esstent of metal to ligand TT-honding, i.e. reduce the 
electron density in the antibonding orbitals and raise the 
NO stretching frequency.
The ligands used by H e w l e t t c o n t a i n e d  the 
following ring substituents:- -NOg, -Cl, -OCH^, -H, -CH^: 
varying from the strongly electron-attracting -NOg group 
to the electron-repelling group.-CH^.
Electron attracting or repelling groups in the
4 -position can cause a greater electron density change at 
position 1 adjacent to the - CH - N - group than at position 
2 adjacent to the coordinated oxygen atom [Figure 7].
2 bb*
6+ >  b y
FIG .7
Substituents at the 3- and 5-positions can cause 
greater electron density changes at position 2 adjacent to 
the coordinated oxygen atom than at position 1 adjacent 
to the methine - HC = group [Figure 8 ].
S
(A) y >  hi)
FIG. 8
- 23 -
As a result, according to the position of the 
substituent, electronic effects might be transmitted to the 
metal through the phenolic oxygen atom or via the imino- 
nitrogen atom to the metal, and then to the NO, for 
example :
CH
FIG. 9
It appears that a conJugatod-system can be considered 
to extend from the 4-position via the azomethine group 
(-CH = N - ) and the metal to the coordinated NO molecule 
so that electron-withdrawing substituents in the 4-position 
should markedly increase the NO stretching frequency with 
respect to the unsubstituted nitrosyl [Figure 93* This 
appears to be borne out by the work of Hewlett who found that 
the stretching frequencies of the chloronitrosyl were
5-Cl, 1 6 3 8  cm~^, and 4-Cl, I6 8 6 cmT^, He was not able to 
study any other 4-substituted compounds. Substituents 
in the 3 -position affect the electron density on the 
phenolic oxygen atom, but since this cannot form double
24
bonds with the metal the electronic effects can reach the NO 
group inductively only, and are likely to be less marked.
1.3. MAGNBTOCHBMISTRY[50]
Studies of magnetic behaviour can indicate the 
numbers of unpaired electrons of a complex, and from this 
can be inferred the valence of the metal ion, the bond type, 
and the geometry of the complex. Different stereochemical 
arrangements of the transition metal complexes cause 
different splittings of the five d orbitals:
A,
d j(ydyzdzx
Octahedron
\
A q
t .  ^xy
|A o
\L—
J. .I mil- M I
Square Planar
FIG lO
a 1
XV^vz
Square Pyramid
Unpaired electrons cause atoms to behave like
small permanent magnets and paramagnetism results. Wcien
25 -
placed in a magnetic field the relationship between the 
d e n s i t y  of magnetisation, Ï, the magnetic induction, B, 
i.e. the density of/linos of force within the substance, 
and the applied field strength, H, is
B = H + 4tc.I  .............   (1)
B Ii.e. “ = 1  + 4tc.^
or p, = 1 + Att.K ........   (2 )
Bwhere jj, = magnetic permeability of the metal = H
K = volume susceptibility or intensity of magnetisation 
of the substance per unit field = ^  .
The gram-susceptibility, X  , can be obtained from
 ^ .................(3)
where d - density of the substance
The magnetic susceptibility per mole, obtained by
multiplying the grara-susceptibility by the molecular weight, 
that is
%  X Ml'7  .............. (4)
Since a molecule of a metal complex generally 
consists of a paramagnetic metal atom (atom-susceptibility,
X  surrounded by diamagnetic atoms of the ligands, the 
atom susceptibility X  ^  must be calculated from the 
experimentally determined molar susceptibility by correcting 
for the diamagnetism of the ligands, $ which is usually
26
calculated from Pascal's constants, i.e.
^  complex “ ^  metal ^ ^  ligand
(calculated from Pascal's Constants)
" * ^  metal “ ^  complex A- ligand
% A    * * '
In the calculation of %  ^  hy Pascal's method, if the 
susceptibility of a ligand has not been determined 
experimentally, it may be calculated based on the assumption 
that the molar susceptibility of the ligand X  l » made up 
of atomic susceptibility of the constituent atoms, X  A* 
plus constitutive corrections, X, which depend on the 
nature of the bonds involved;
=s:.n^ . % A  +ZL .................  (5)
where
n^ = number of atoms of atomic susceptibility X  ^  
in the ligand molecule.
From X. the effective magnetic moment, is
usually calculated in terms of the Bohr magneton (B.M, ) at 
the absolute temperature, T, from the expression
= 2.8tVX^.T.      (7)
Curie showed that the susceptibility of a number 
of paramagnetic substances varied inversely with absolute 
temperature, i.e. %  = ^
Later work showed that many substances deviated
27
from the Curie law but obeyed the Curie-Weiss law, i.e.
_ C 
~  T+0
when 0 is known as the Weiss constant.
e
zero
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FIG. 11
Unpaired electrons possess both spin and orbital 
angular momentum, and these may combine in a number of 
different ways to produce a resultant angular momentum.
The resultant magnetic moment is proportional to "the 
resultant angular momentum. In many cases the orbital 
angular momentum and therefore orbital magnetic moment 
can be neglected to a first approximation and the magnetic 
moment in Bohr magneton can be given by the "spin-only" 
formula
[X = VnTn + 2)     (8)
where n is the number of unpaired electrons in the atom, 
ion, or molecule. The magnetic moments for 1 , 3 , 3 
unpaired electrons, i,e, those relevant to the present work,
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have theoretical and observed values as shown in Table 1 
below
TABLE 1
Magnetic Moments for 1. 3 and 5 Unpaired Electrons
Ion Number of Hybrid iConfig. Number of i Spin ! Experimental j
unpaired only moments11 electrons
...............
electrons ; moments 1
Co^+ 7 3 2sp d Octa 3 1 3.88 4.8 —5 » 2
, 2 3 d sp Octa ! 1.73
j
1.75-1.95odsp Squareplanar 1 1.731
2 .1 -2 . 9
sp3 Tetra 3 I 3 . 8 8i
...........
4.3-4.7
; Mn^+ 5 sp^d^ Octa ! 5.92j 5 .6 5 -6 . 1
d^sp3■ Octa 1 1.73 1 .8 -2 . 1i s.p^
. .
Tetra 5 5.92 5 .6 9 -5 . 9 5
For simple paramagnetics, which obey the Curie or Curie-Weiss 
laws [Figure 12A.], the susceptibility is independent of 
field strength.
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Wien paramagnetic centres in a compound interact,
i.e. the compound is not magnetically dilute, the 
susceptibility depends on both field strength and 
temperature . Magnetic interaction can lead to ferro­
magnetic or antiferromagnetic behaviour.
In the case of ferromagnetism, the moments of 
separate ions tend to align themselves parallel and 
reinforce one another. Above Curie temperature, To, the 
thermal energy is able to randomise the orientations.
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Below Te, the alignment becomes controlling and the 
susceptibility increases rapidly with decreasing temperature 
[Figure 12B.].
Antiferromagnetism occurs when the moments of separate 
ions tend to align themselves anti-parallel. Above the 
Noel-temperature, Tn, thermal energy is able to prevent 
effective alignments. Below Tn antiparallel alignments 
become more effective and the magnetic moments of individual 
ion tend to cancel one another; thus the susceptibility 
drops with decreasing temperature ^Figure 18C.].
1.4. OBJECT OF THE WORK
As explained in Section 1.2 , when a nitrosyl complex 
of a metal is formed there are several ways in which the 
nitric oxide may be coordinated, and the nature of the 
bonding is often unusual. It was therefore of interest 
to extend the range of knoivn nitrosyls.
Hewlett's previous work^^^ showed that nitric oxide 
formed essentially diamagnetic mononitrosyls with the 
cobalt{XI) complexes of salen and some related ligands.
These nitrosyls exhibited the uncommon coordination number 
five. The NO stretching frequencies were found to be 
increased by the presence of electron-vfithdrawing 
substituents ; they were found around I6 5 O om"^ and 
were assigned to coordinated NO^.r 171A few years later Gans postulated that NO
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stretching frequencies in the range 1700 - 1 5 OO cm"" 
indicated coordinated NO", and McNeii^^^^ thought the 
absorptions around I6 5 O cm ^ arose from bent M-NO bonds.
It was therefore decided to extend this work by;
1. The preparation of the cobalt(II) complexes of salicylal 
doxime and substituted salicylaldoxiraes.
2 . The preparation of the mononitrosyls of the cobalt - 
oxime complexes in order to see whether the NO stretching 
frequencies showed the same dependence on substituent
as found previously with the cobalt(IX) salen nitrosyls,
3 . The preparation, if possible, of the 4-nitrosubstituted 
cobalt nitrosyl since this was expected to have a high NO 
stretching frequency,
4, The preparation of the cobalt(ll) complexes, and the 
corresponding nitrosyls, of Schiff's bases of acetyl- 
acetone and related diketones,
5, The preparation of sulphonated salen and the 
corresponding cobalt(II) complexes and nitrosyls since 
these would be water-soluble,
6 , An investigation of the reaction of nitric oxide with 
the manganese(II) and cobalt(II) complexes of the ligand 
salicylaldéhyde 1 ,3 -propanediimine, related to salen.
The manganese(II) complex of salicylaldéhyde 1,3-propane- 
diimine has been r e p o r t e d ^ t o  combine reversibly with 
CO and 0^, which are similar in reactivity to NO,
- 32
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2.1. PREPARATION OF AIR SENSITIVE COFJPQUNDS BY USING A
VACUUM LINE
Many compounds in this work were air sensitive ---
some when wet, and some even when dry. Therefore their 
preparations must be done in the presence of an inert gas, 
like nitrogen, using the apparatus^^^^ described in 
Figure 13.
White-spot "oxygen-free” nitrogen from the nitrogen 
inlet A was passed over an electrically heated column B 
containing copper turnings and copper deposited on 
kieselguhr and then through a chromous sulphate bubbler C 
in the presence of granular amalgamated zinc in order to 
remove traces of o x y g e n . T h e  gas was then dried, when 
necessary, by passage through a trap E which was cooled in 
liquid air, and a long column F of magnesium perchlorate.
The purified nitrogen then entered the main apparatus by 
the key G or was released to the atmosphere by the key H 
through the outlet. All glass apparatus was securely 
clamped in place, Apiezon L grease was widely used, except 
at the heating column B [Figure 13] where Apiezon T grease 
was used because of the higher temperature, and at the 
filter unit W [Figure l4c] where the vaseline was applied 
to the syringe, other greases being too stiff.
There was a block of taps between the pump, the 
outlet, and taps H and G, allowing nitrogen to flow in 
different directions. The pressure inside this line was
— 34
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indicated by a manometer attached to it. While tap G 
was closed, a vacuum could be applied through the key M 
via liquid air traps. When taps M and H were gently 
c l o s e d  a slow stream of nitrogen was flushed into the 
line through the opening G until atmospheric pressure was 
reached. This process could be repeated several times 
until the system contained only pure nitrogen.
Frequently, the joint R of the reaction flask 
[Figure l4a] was attached to the main line [Figure 13] at 
the joint J or often by flexible pressure tubing at K,
The latter was advantageous in that the reaction vessel 
could be easily shaken or magnetically stirred or heated.
It was best to warm the reaction flask with an oil bath 
until reaction was complete. Since this might take 
several hours the ground glass joints of the vessel should 
be covered with a fold of asbestos paper to prevent any 
leakage caused by melting of the grease.
The ligand was dissolved in a suitable solvent 
in flask P while the metal salt was dissolved separately 
in flask N, Before the reaction, the air was removed 
by evacuating and refilling the apparatus several times 
with pure nitrogen. If heating was required to dissolve 
the metal salt or the ligand, each solution could be heated 
separately by closing the taps between the two reaction 
vessels,
The boiling could be done quite safely with a 
stream of nitrogen passing into the air via the outlet 
traps.
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When the metal salt had dissolved completely, the 
solution in N was slowly added to the ligand solution by 
rotating the bottle N, The mixture was stirred after each 
addition.
In case more solvent was needed, or when a mixed 
f solvent was to be tried, a hypodermic syringe could be used
to inject any solvent through the sub a-sealed cap Q of 
the adapter into the vessel N; then the vessel N was 
flushed many times with pure nitrogen before opening to 
the closed system of the reaction bottle P,
After the reaction was complete or the solid 
crystalline product had separated, and the solution had 
been cooled to room temperature, the product was filtered 
off. For filtration, if the compound was stable in air 
when dry, a simple apparatus arranged as in Figure l4b 
was used.
From Figure l4a, at an atmospheric pressure of 
nitrogen, the adaptor and the vessel H were removed from P; 
the joint R was disconnected from K and quickly placed 
upside dotm at J [Figure l4b]* A sintered glass filter S 
was fitted under the vessel P, and, to collect filtrate 
and washings the receiver U was attached below S, with 
its joint T leading to a suction pump at L [Figure 13],
This apparatus was then evacuated and flushed several times 
with pure dry nitrogen. The crystals were filtered off 
by allowing the liquid to drain through under slight 
suction into U. Porosities 2 and 3 were commonly used in
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the filters S, Strong suction was avoided since the 
microcrystalline product might block the sintered filter. 
After filtration, the system was kept at atmospheric 
pressure of nitrogen.
The vessel I [Figure 13] could be opened and 
filled with a wash-liquid* This liquid must always be 
deoxygenated before use. By controlling the pressure at 
different parts of the line, a deoxygenated washing 
liquid from the vessel I could flow into vessel P (that 
joined at J of Figure 13) to remove any residual solid 
along the by-pass. The crystals and mother-liquor were run, 
in small quantities at a time on to the filter. The solid 
was pumped off through R (and not T, Figure l4b) until it 
appeared dry, and the filter was filled with nitrogen.
The dry compound could be kept unchanged in the filter for 
several days provided it was wnder an atmosphere of nitrogen, 
or it could be removed quite safely from the filter S into 
any sample bottle inside a nitrogen-bag or a dry-box.
If the compound was extremely air-sensitive even 
when dry, the apparatus needed to be set up as shown in 
Figure l4c. With nitrogen at atmospheric pressure inside, 
the vessel P [Figure l4a] was removed from K [Figure 13] 
and quickly connected upside-down to J [Figure 13 ] 5 and 
the filter unit was set under it [Figure l4c].
The top part W was made of a big and long glass 
syringe with an open lower end at V. The tip of this 
lower end under V was also worked as a rod-piston to
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crush a lumpy compound on the filter paper fitted above the 
perforated glass disc There were two layers of
strengthened filter paper (Whatman*s No, $0 ) held in 
position by a polythene ring. The opening hole V was 
always kept in the opposite direction to the side-arm Y 
where the vessel Z was fitted so that there was less chance 
of the suspension splashing into Z or filtration. Six 
long, tiny detachable pyrex glass tubes were joined to Z 
by small ground glass joints; one of them was a known 
weight magnetic susceptibility tube. A wash-receiver vessel 
U was clamped under this filter unit, as in Figure l4b 
with its joint T leading to a suction pump at L [Figure 13]. 
After setting up the apparatus it must be flushed several 
times with pure dry nitrogen before starting the filtration. 
As usual, the crystals were filtered off by 
allowing the liquid to drain through under slight suction 
into the bottle U, Strong suction, or badly fitted paper, 
caused great loss of the solid around the sides of the 
paper. The washing by any deoxygenated wash-liquid, as 
well as drying the compound, was operated in the same 
manner as for the apparatus in Figure l4b.
The advantage of using this filter-unit was 
that any lumpy product could be crushed as much as possible 
by the piston above X, The product was then transferred 
through the joint Y into the vessel Z. Another advantage 
was that the crystalline product could be continuously
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dried under reduced pressure for several hours on the 
long vessel side of Z,
Small amounts of the crystals were later introduced 
into each tiny tube by means of gentle and careful 
tapping. Finally, the dry crystals were sealed in glass 
tubes under reduced pressure; and as soon as the sealing 
was finished the system was filled with pure nitrogen 
once more. The weight of the sample in the susceptibility 
tube was obtained by weighing it and the joint remaining 
after sealing the tube, and subtracting from this weight 
the previously obtained weight of the empty tube with 
the joint sealed to it.
2.2. PREPARATION OF NITRIC OXIDE DER3?/ATIVFS
Nitric oxide was produced by the method of 
Blanchard by mixing aqueous solutions of ferrous
sulphate (FeSO^.TH^O 278 gm. and iSN.HgSO^ 55 ml. in 
1 litre) and sodium nitrite (NaNOg 6 9 gm. in 1 litre) from 
filling cups A and B attached to flask C (Figure I5 ).
The gas generated was stored over a 12 N sodium hydroxide 
solution in D and passed through the cold traps E which 
were cooled by solid carbondioxide/methylated spirits 
mixtures in order to remove moisture and higher oxides 
of nitrogen. The gas then passed through the columns 
of sodium hydroxide pellets P and magnesium perchlorate Q 
to remove any traces of NO^ and moisture left. At the
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top of the colunm G, there was a key for nitric oxide gas 
to be let into a line where its pressure could be read from 
a manometer.
One end of this nitric oxide line led to the 
pump, the other end was the inlet for nitrogen which 
was obtained from the tap L of the main vacuum line of 
Figure 13, By operating the threeway tap H, the gas 
burette J and a reaction vessel at M could be filled with 
nitric oxide.
To prepare a nitrosyl derivative, a reaction vessel 
containing solutions of known weights of ligand and metal 
salt including the burette, was set up as shown in 
Figure l4a and attached at the joint M of Figure 15= The 
whole system (above G) was flushed several times with 
nitrogen before filling it with nitric oxide. Care was 
necessary to ensure that the mercury was not sucked beyond 
H during evacuation of the burette, before admitting 
nitrogen or nitric oxide. The addition of nitric oxide 
was made with the threeway tap H in the position shown.
After the reaction vessel had been filled with nitric 
oxide, and the gas allowed to equilibrate with the solvent, 
the ligand and salt solutions were mixed in the nitric oxide 
atmosphere, and the uptake of gas was measured with the 
burette. In this work, neither the metal salts nor the 
ligands reacted with nitric oxide, so this method gave 
quite accurate values for the gas absorption. No correction 
was necessary for the vapour pressure of dimothylformamide,
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but a correction was needed for alcohol.
For some experiments when the nitric oxide gas was 
added to the parent complexes, the total volume of gas from 
the three way tap H leading to the joint M and the capacity 
of the reaction bottle needed to be measured after the 
reaction, thus the volume of nitric oxide gas really required 
for such a reaction could be obtained accurately. After the 
reaction was completed, the nitric oxide was replaced by 
nitrogen. The reaction flask was disconnected from M 
(Figure 1 5 ) and attached to the main vacuum line at J 
(Figure 13) for filtration, washing and drying of the 
product.
2.3. PREPARATION OF LIGANDS 
Salicylaldoxinie was obtained from B.D.H. as white crystals
ot m,p. 57-59°.
3-Hydroxyacetophenoneoxime was prepared by the method in 
Vogel, Tho mixture of hydroxylamine hydrochloride
(6.9^1 gm., 0,1 mole) in distilled water and sodium hydroxide 
(3 .9 G gm,, 0.1 mole) in distilled water was kept in ice-water. 
It was added to o-hydroxyacetophenone (13.635 gm., 0.1 mole) 
in a round bottom flask and was refluxed for half an hour.
Some more distilled water was added just to dissolve the solid. 
It was filtered through a sintered funnel while hot and 
allowed to crystallise to give white crystals of m.p. 113-113^ 
(Lit.[71,72] 112* and 117°).
5-Methylsalicylaldoxime The 5-methysalicylaldehyde was
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prepared first by Liggett and Diehl using the "Duff Reaction"• 
The aldehyde (7.879 gm., 0.06 mole), hydroxylamine 
hydrochloride (4,035 gm., 0 . 0 6  mole) and sodium^ hydroxide 
(2 . 3 9  gm., 0 , 0 6  mole) were used to prepare the oxime 
following the same procedure as above. The oxime, as long 
straw needles, had m.p. 9 8 .5 -9 9 ° (Lit.^^^^ m.p. 1 0 3 °).
5-Clilorosalicylaldoxime obtained from 5-chlorosalicylaldehyde 
(17.346 gm., 0 , 1 1  mole), hydroxylamine hydrochloride (7.703 gm., 
0 . 1 1  mole) and sodium hydroxide (4.464 gm., 0 . 1 1  mole) by 
the above method. The pure product was almost white needles 
with m.p. 117-117.5°.
3-Methoxysalicyla1doxime was prepared from o-Vanillin 
(14,343 gm.; 0 , 0 0 9  mole), hydroxylamine hydrochloride 
(6,548 gm., 0 . 0 0 9  mole) and sodium hydroxide (3 . 8 9 5  gm.,
0 , 0 0 9  mole). It had m.p. 122-123° and formed long straw 
colour needles (Lit.^^^^ m.p, 1 2 3 °),
5-Methoxysalicylaldoxime The "Duff R e a c t i o n " w a s  used to 
prepare the 5-methoxysalicylaldehyde, Then the oxime was 
prepared from that aldehyde by the same method as the other 
oximes. It melted at 114-113°.
r 5713-Nitrosalicylaldoxime Nitration of salicylaldéhyde  ^
with fuming nitric acid and glacial acetic acid was carried 
out first. The product from this stage contained a mixture 
of 3-uitro and 5-nitrosalicylaldehydes. The yield was 
about 90%
By adding sodium hydroxide to the mixture and leaving 
it overnight, the crystalline 5 -nitrosalicylaldehyde could be
IJ
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filtered off from the sodium salt of 3-nitrosalicylaldehyde, 
This sodium salt of 3**nitrosalicylaldehyde, being acidified 
with hydrochloric acid, could be retained and purified by 
recrystallisation from alcohol-water as pure 3-uitrosalicylal- 
dehyde. It was then refluxed with appropriate proportions 
of hydroxylamine hydrochloride and sodium hydroxide solution. 
The refliusing mixture was acidified with acetic acid and 
cooled in ice whereupon the oxime separated as an oil. It 
was recrystallised from chloroform-light petroleum as long 
pale-yellow crystals of m.p. 107-108°.
5-Hitrosalicylaldoxime The 5-nitrosalicylaldehyde, pre 
separated from the 3-nitrosalicylaldehyde prepared above, 
was dried and converted into the oxime. The aldehyde 
(2 0 , 8 9 7  gm., 0.12 mole), hydroxylamine hydro ch1or id e 
(8.684 gm., 0.12 mole) and sodium hydroxide (4.971 gm.,
0,12 mole) were used. Some fine orange needles crystallised
on cooling overnight. The dry crystals decomposed at 220°
2 2 3 °). It decomposed at the same temperature 
after recrystallisation from 9^% ethanol,
3 ; 3 “-Dinit ro salicylal doxinie By following the method of Lovelt 
and R o b e r t s , t h e  mixture of 3-nitrosalicylaldehyde and
3-nitrosalicylaldehyde was further nitrated using concentrated 
sulphuric acid and fuming nitric acid. The aldehyde 
recrystallised from benzene as yellow prisms.
This aldehyde (61.95 gm., O . 2 9  mole), hydroxyl­
amine hydrochloride (2 0 . 3 0  gm., O . 2 9  mole) and sodium
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hydroxide (1 1 , 8 9  gm., 0 . 9  mole) were used to prepare the 
yellow crystalline oxime. Recrystallisation from 9 6 % ethanol 
gave a constant m.p. of 2 0 1 -2 0 3 °.
5 -SulphoQalicvlaldehyde~anil monohydrate The anil was 
first prepared by heating an equivalent amount of 
salicylaldéhyde (114 gm., 0,9 mole) and aniline ( 8 2  gm.,
0.9 mole) on a steam bath with constant stirring. The 
reaction mixture was poured into a large evaporating basin 
on an ice bath, left to solidify and then filtered. The 
product was recrystallised from meths-water as bright 
yellow platelets which gave m.p. 48.5-49.5°,
It was sulphonated by the following method of 
Mukerjee and Ray.^^^^ The Schiff*s base was heated with 
five times its weight of concentrated sulphuric acid 
(sp.gr. 1,84) in a round-bottomed flask fitted with a guard 
tube on the water-bath for 2 to 2-g- hours with occasional 
shaking. The resulting yellow mixture was cooled in a 
freezing bath. Small pieces of ice were added with 
constant shaking, %fhen the compound crystallised out. The 
solid product was filtered off on a sintered glass funnel, 
washed with icy-water until the washings were no longer 
acid to litmus, and recrystallised from hot water to 
get pale yellow crystals which decomposed between 2 9 5 -3 0 0 °.
This product was found to have one mole of water 
of crystallisation from the weight loss after heating, and 
the acid groups present were estimated with a pH-titration
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against standard sodium hydroxide solution,
Equivalent: Found l48,4
Required 147.7
Found: C, 52.62;h, 4.73;N,4.73fS,10 . 9 0  
^13^13^^S rGquired;C,52.93fH,4.44;M,4.75;S,10.87
g-Sulphosalicylaldehyde sulphanilamide monohydrate
An ethanolic solution of sulphanilamide (172,20 gm., 
1 mole) was added to a boiling ethanolic solution of 
salicylaldéhyde (122,13 gm., 1 mole). The shiny yellow 
crystals which precipitated, were filtered off and then 
recrystallised from meths-water to give a product of 
m.p, 211,5-212,5^. This was used for sulphonation by the 
method of Mukherjee and Ray^^ and recrystallised from 
water as a deep yellow substance which decomposed above 
2 5 5 ^. The acid groups present were estimated VTith a 
pH~titration against standard sodium hydroxide solution. 
Equivalent? Found 187.8, Calculated 187.2. One water 
molecule was found from the weight loss after heating, and 
the microanalysis for was found $ 4 3 ,2 i;
H;4,05;N,.7*35;S, 1 6 . 7 6  where it required C^4l,6 9 ,H,-3,77f 
n;7.48;S‘ 17.12.
-Bis ( 5-Sulphosalicylaldehyde) ethylenedilmine By condensing
an ethanolic solution of salicylaldéhyde (8 ? ml., 0 . 1 2  mole) 
and ethylenodiamine (3 6 , 0  gm., O.O6 mole), the Schiff»s base
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salicylaldehydeethylenediimine was obtained. This was 
recrystallised from dimethylformamide and gave m.p, 124-125°.
It was sulphonated by the same procedure as above to give 
shiny creamy crystals which decomposed above 240°.
Determination of equivalent gave scattered results together 
with bad microanalysis. It was highly soluble in water, 
fairly soluble in dilute pyridine, but insoluble in alcohol, 
acetone and benzene.
Bis(2:4-dihydroxybenzaldehvde)ethylenediimine monohydrate 
2 :4-Dihydroxybenzaldehyde (20.3 gm., 0.15 mole) 
was condensed with ethylenediamine (4,5 gm., 0 , 0 7 5  mole) in 
ethanol. The product, obtained in high yiold» was washed with
ethanol and ether, then dried. This substance decomposed 
at 2l4° and was found to have one water of crystallisation,
Bis(4-nitrosalicylaldehyde)ethylenediimine
4-Nitrosalicylaldehyde was prepared by E.
Hopwood following the method of Gray et al.^^^
To the aldehyde (0,8 gm.) in hot ethanol (30 ml,), 
ethylenediamine (0 . 2  gm,) in ethanol ( 8  ml.) was added.
The solution was heated on a steam bath for about half an 
hour. The product was filtered, recrystallised from 
dimethylformamide, washed with alcohol and ether, and then 
dried. Its m.p. was 220°.
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Bis(3-Ethoxysalicylaldehydo)ethylenediimine
The 3-ethoxysalicylaldehyde was prepared from 
o-ethoxyphenol by the Duff R e a c t i o n a n d  condensed with 
ethylenediamine, The Schiff’s base was recrystallised 
from ethyl alcohol to have m.p. 134° (Lit,^^^^ m.p. 132°)
Pound; C,68.l6;H,6.66"N^7 •84%
^20^^24^2^4 requires:C,67.4;H, 6.79;^V7.86%
Bis(acetylacetone)ethylenediimine
This compound was found by Kudryavtsev to have 
m.po 8 6 ° ; by McCarthy et m.p. 111-111.5°;
and by Mar tell et al.,^^^^ in.p. 113°.
By refluxing an ethanolic solution of ethylenediamine 
(1 mole) with an ethanolic solution of acetylacetone 
(2 moles), the bis(acetylacetone)ethylenediimine was 
obtained. It was recrystallised from carbontetrachloride 
as pale yellow crystals, m.p, 105-107°. Its infrared 
spectra showed the presence of 0~H stretching frequencies 
but not a keto-form since there was no C=0 stretching bond.
Its H.M.R. spectrum in a non-polar solvent (carbontetra­
chloride) gave two -CH^ peaks which were split in polar 
solvent (pyridine), presumably due to -CH^ groups attached to 
-C-OH and to -^=N groups and the integral 1:2 corresponded 
to 1:2 protons in the =CH and -CH^- groups.
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Bis ( trlflxioroacetylacetono) ethyl,enedixmine
An ethanolic solution of ethylenediamine (1 mole) 
was refluxed with an ethanolic solution of trifluoroacetyl- 
acetone (2 moles). Straw needles formed, and were 
recrystallised from alcohol-water to yield glittering 
colourless crystals, m.p. 149-150*( L i t , w e r e  1 5 6 ° 
and 157°).
Bis(bensoylacetone)ethylenediimine
It was prepared from benzoylacetone (l6,2 gm.,
0, J. mole) and ethylenediamine (3.0 gm., O.O5 mole) in 
alcohol. The product, after being washed, was recrystallised 
from 9 6% ethanol and dried. These glittering colourless 
platelets had m.p, 178.5-179.5°, while it was reported^^^^ to 
have m,p. 180.5°. The infrared spectrum of this ligand 
was discussed by Teyssie and Charette.
Bis(dibensoylmethane)ethylenediimine
Appropriate proportions of dibenzoylmethane and 
ethylenediamine, by the same method as above, yielded 
colourless needles of m.p. 75-75.5°. Kudryavtsev^ 
found its m.p, to be 64°.
Bis(salicylaldéhyde)1:2-propanediimine
1;2-Diarainopropane (0.1 mole) in ethanol was 
added to salicylaldéhyde (0.2 mole) in boiling ethanol.
The product was obtained as a yellow syrup which was
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TABLE 2 
Melting Points of Ligands
Ligands m.p.observed m.p. from literature References
Salox 57-59° - -
7 -methylsalox 112-113° 112,117° 7 1 and 7 2
5-methylsalox 98.5-99° 1 0 5 ° 73
5-chlorosalox 117-117.5°
1 2 3 °
-
3-methoxysalox 122-123° 74
5-methoxysa1ox 114-115° •“ -
3~nltrosalox 107-108° - -
5-nitrosalox decomposed220° 2 2 5 ° 7 5 and 7 6
3 y 5~dinitrosalox 2 0 1 -2 0 3 ° -
Sal-1, 3 -propane 52° — —
Sal-1, 2 -propane yellow syrup which solidified -
3 -ethoxysalen 134° 1 3 2 ° 64
4-nitr o s a1 en 2 2 0 ° -
Benzoylacetoneen 178.5-179.5° 1 8 0 .5 ° 23
Trifluoroacacen 149-150° 1 5 6 ,1 5 7 ° 6 1 and 23
Acacen 105-107° 1 0 9 -1 1 0 °,
8 6 ,Ill- 
Ill.5°,
1 1 3 °
4 ,5 9 , 2 3
and 6 1
Dibenzoyimethaneen 75-75.5° 64° 59
5 -sulpho sal-ani1 decomposed
2 9 5 -3 0 0 °
5 -sulphosal-sulphanil decomposed
2 2 5 ° -
—
5 ~sulphosalen decomposed240° —
2,4-dihydro^ryb enz - en decomposed214°
“ 52 —
isolated by a separating funnel. This liquid solidified 
after leaving for several weeks, but no melting point 
was determined.
Bis(salicylaldéhyde)1;3-propanediimine
By the same procedure, the compound was prepared 
from appropriate amounts of l:3-diaminopropane and 
salicylaldéhyde in 9 6% ethanol. After recrystallisation from 
ethanol, the bright yellow needles melted sharply at 5 2 °,
2.4. PREPARATION OF PARENT COl^lPLEXES
Bis(salicylaldoximato)cobalt(II)
All preparations were carried out under nitrogen, 
Salicylaldoxime (7,700 gm,, 0 , 0 5 6  mole) in absolute alcohol 
( 1 0  ml.) and cobalt acetate (6,l68 gm,, 0.027 mole) in 
absolute alcohol ( 2 5  ml.) were reacted under dry nitrogen.
The dark brown crystalline product was filtered off, 
washed 3-4 times with absolute alcohol and dried in vacuum.
Found: C;50.20," K,5.25", N,8,l8", Co,17,97%
Co. requires : C , 5 0 .77 ? H/3 . 6 5  Î N, 8,46 ; Co, 1?. 76%
Bis(S-Hydroxyacetophenoneoximato)cobalt(II)
Many solvents and mixed solvents were used to 
try to prepare this compound. The reaction seemed slow. 
Reaction of the oxime with cobalt acetate in dimethylformamide
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and water gave a product containing a low percentage of 
cobalt, and ligand sublimed from the complex on heating 
under reduced pressure. Refluxing the reaction mixture did 
not improve the product.
Reaction in pure dimethylformamide yielded a dark 
coloured solution. Acetone and alcohol were successively 
added without any solid product separating. Water gave 
only an oil. Reaction in water and alcohol gave fine 
yellow-orange crystals which were shovm from their infrared 
spectra to contain no water, but their percentage of cobalt 
was low.
Bis(5-methylsalicylaldoximato)cobalt(II)
From the reaction of the ligand (2.727 gm,,
0 . 0 0 1 8  mole in dimethylformamide ( 1 0  ml.) and cobalt 
acetate (1 . 9 5 0  gm,, 0 . 0 0 0 8  mole) in the same solvent ( 5  ml.), 
a light brown complex was obtained. It was filtered off, 
washed with deoxygenated water and dried under continuous 
pumping. There was no water band in its infrared spectrum.
Pound:C,54.21sH/4.70iN,8 .5 I1C0 ,l6 .0 0 %
Co. requires :C,53 o 50;H, 4.49? N,7 • 80; Co, I6 , 4l%
Bis(5 -Chloro3 alicylaldoximato)cobalt(II)
The reaction of cobalt acetate (2.480 gm.,
0 . 0 1  mole in absolute alcohol ( 5 0  ml.) and the ligand 
(3 . 5 2 7  gm. , 0 . 0 2  mole) in the same solvent ( 2 0  ml.), with
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gentle reflux for 3-4 hours, resulted in a reddish-brown 
complex. The complex was filtered off, washed several 
times with deoxygenated water, and dried in vacuum.
Found J C ,42.071 H ,2.95? N,7.62;Co, l4.95%
reqUires:C,42.22?H,2.52?N,7.00*Co,14.73%
It should be noted that reaction in alcohol was 
incomplete unless the suspension was refluxed since mixing 
cold solutions gave a product containing only 1 1 ,9 1 % 
cobalt.
Bis ( 3-raethoxysalicylaldoxiinato) cobalt(II)
In an attempt to prepare this complex, the 
reaction was done in dimethylformamide and distilled water 
as solvents for the ligand and cobalt acetate respectively. 
The product was washed with water only, A low percentage 
cobalt suggested that the excess ligand was not washed out. 
The dry complex was heated under reduced pressure in a 
drying pistol and the weight loss found; a sublimed 
compound had the same colour and melting point as the ligand, 
Washing additionally with alcohol did not improve the cobalt 
analysis. With alcohol and water as solvents the percentage 
of cobalt was still low. With 9 6% ethanol alone the 
cobalt acetate did not dissolve completely and some 
contaminated the product, and a little higher percentage 
of metal than required resulted (1 5 .5 5 % instead of 1 5 .0 7 %).
Cobalt acetate in absolute alcohol was added to a
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proportional quantity of the ligand in the same solvent.
A pinlcy-orange product was filtered, washed twice with 
AnalaR acetone and then absolute alcohol. It was dried 
and sealed in tubes, this dry complex was quite stable and 
contained 14.55% cobalt.
Bis(5“methoxysalicylaldoximato)cobalt(II)
From the ligand (2.144 gm., 0.013 mole) in absolute 
alcohol (20 ml.) and cobalt acetate (1.610 gm., O.OO6 5 mole) 
in the same solvent ( 1 5  ml.), a yellow-brown complex was 
obtained from their reaction under nitrogen. It was 
filtered off, washed with absolute alcohol and dried,
Pound:C,47.65;H,A.22;N,7.24$Co,15.23%
Co.O^gH^gN^Og requires:C,49.12;H,4.12 5N,7 .l6 |Co, 15.07%
Bis(5 -Nitro3alicylaldoximato)cobalt(II)
Cobalt acetate (3.199 gm., 0.013 mole) in absolute 
alcohol ( 3 0  ml.) was added to the ligand (6.044 gm,,
0 . 0 0 3 3  mole) in the same solvent (20 ml.). The brown
crystals obtained were filtered off, washed with water, and
dried.
Found ÎCo,1 5 -00%
^°^l4^10^4^8 ; Co,1 3 .99%
This reaction was repeated from cobalt acetate 
(2 , 8 3 3  gm,, 0 . 0 1 1  mole) in methanol (I5 ml.) and the ligand
(4 , 1 6 2  gm,, 0 , 0 2 3  mole) in the same solvent (25 ml.). The
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mixture was refluxed for about an hour to get an orange- 
brown complex. The product was filtered off, washed with 
water and methanol and dried.
Pound :C,41.81,"H,3.61;H,12.12,"Co,13.6 3 % 
^°"^lA^10^4^8 esquires ; C,39.92,»H,2.39f ^ t 13 . 30 i  C o , 1 3 .9 9%
Bis ( 3-ethoxysalicylaldehyd e ethylenediiminato ).dobalt( II)
This complex has been prepared previously.
Cobalt acetate (2.181 gm., 0,0088 mole) was dissolved in hot 
water (10 ml.). The ligand (3*540 gm., 0 , 0 0 9 9  mole) was 
dissolved in hot dimethylformamide (20 ml.). The hot 
solutions were mixed, and a yellow solid formed. Dimethyl­
formamide ( 2 5  ml.) was added to the mixture. On refluxing 
the solid and solution became red, and red platelets 
separated on cooling. The product was filtered off. 
washed four times with water and dried.
Found :C,56.38?H,;5*74;Ns6.53?Co,13*32%
Co. requires : C ,5 8 . 11 ;H;5.34;Ny6.78;Co,l4. 2 6 % 
Co.CgqHggNgO^.HgO requires ; c;55-68;H,.5*6i,.H,‘6.49;Co,13.66%
Bis(salicylaldéhyde 1.2-propanediiminato)cobalt(II)
Cobalt acetate (4.486 gm., 0,014 mole) in 
dimethylformamide (5 . 5  ml.) was added to the ligand 
(5 . 0 8 7  gm., 0 . 0 1 8  mole) in the same solvent ( 1 0  ml.).
A reddish-brown complex was formed and the liquid 
solidified almost immediately. More dimethylformamide
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was needed and heating was applied. The product was 
filtered off, washed with water and then 9 6% ethanol, and 
dried to a chocolate-brown powder.
Pound ;C, 59*57?H, 4.85;N, 8 .02-,Co, 17.01% 
Co.C^-H^gNgOg requires ;C, 60.19“,^ , 4.76%%, 8.26;Co, 17.38%
Bis(salicylaldéhyde 1«2-propanediiminato) manganeae(II)
The reaction of manganese acetate and the ligand 
was tried in dimethylformamide, but a homogeneous brown 
solution was obtained from which no crystals separated. 
Manganese acetate (3.633 gm., 0,015 mole) in water (8 ml.) 
was added to an ethanolic solution of the ligand 
(4 . 2 1 8  gm., 0 , 0 1 5  mole) in absolute alcohol ( 5  ml.) 
containing 2 N, sodium hydroxide solution (7*3 ml,,
0 , 0 1 5  mole). The reaction vessel was warmed at 80°C 
for 5 hours under nitrogen. The yellow-orange crystals 
were filtered off, washed with water and absolute alcohol 
dried and sealed in glass tubes.
Found :C , 5 8 .97;H,.5.60;N,7.46;14.30%
Mn.C^yH^^NgOg.SHgO requires:C,58.99fH,5.43;%,7.55;Mh,l4.79%
Its infrared spectrum agreed with the presence of water.
Bis(salicylaldéhyde 1.3-propanediiminato)cobalt(II)
Attempts were m a d e , w i t h o u t  success, to obtain 
this compound by mixing the ligand with cobalt acetate 
in dime thylformami de•
56 -
The preparation was repeated with strict exclusion 
of nitrogen as follows. Cobalt acetate (2 , 9 6 9  gm.,
0 . 0 1 1 9  mole) in dimethylformamide ( 1 5  ml.) and the ligand 
(3 . 4 9 6  gm. , 0.0124 mole) in the same solvent ( 5  ml.) were 
mixed, and the mixture was boiled at 120-l40°C for an hour 
under nitrogen. The bright-orange product was filtered off, 
washed three times with deoxygenated water, three times with 
ethanol, and dried. Unfortunately, the analyses were still 
not satisfactory.
Found ;C,53.71?H,4.72;%,6 . 9 4  
Co.C^^H^^NgOg requires ;C,60.19;H,4.76jH,8.26
Thus, none of the variations in experimental conditions 
gave a pure product.
Bis(salicylaldéhyde 1.3~propanediiminato)manganese(II) 
Dimethylformamide was used as a solvent for the 
reaction of manganese acetate and the ligand.
Found :C,55.20,H,5.47»N,7.%6;Mn,17.37?«
M h . r e q u i r e s  :C , 6 0 , 9 I 1^,8.36;Ifo,l6.39?^
The reaction was repeated by adding an aqueous solution of 
manganese acetate to an ethanolic solution of ligand which 
contained sodium hydroxide solution, without success. It 
was not used for any further investigation,
9 6% Ethanol was then used as a solvent for both 
manganese acetate and the ligand. Heating was applied for 
2^ hours. The complex was filtered off, washed with water
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and alcohol as usual and dried in vacuum, hut the manganese 
content was unaltered.
An aqueous solution of manganese acetate was slowly 
added to an ethanolic solution of the ligand containing 
sodium bicarbonate solution. An impure product was formed 
and was not investigated. r 2 51Following the procedure used by Johnsen and Beveridge, 
manganese nitrate (3-743 gm. , 0 . 0 1 5  mole) in 7 0 % alcohol 
was mixed with the ligand (4.243 gm., 0 . 0 1 5  mole) in the 
same solvent. The mixture was heated between 80-95°C 
for 4 hours, allowed to cool and filtered. The bright- 
yellow crystals were washed with deoxygenated water, then 
7 0 % alcohol, and dried, but the product gave poor analyses.
Found :Cy52.74;H75,58f%,7.4lfMn^l6.36%
^ • ^ 1 7 ^ 1 6 ^ 2 ^ 2  s :C,60,91jFI, 4.8lfN, 8.36f3y£u, 16. 39%
Bis(acetylaceton e ethylenediiminato)cobalt(II)
Cobalt acetate (3-750 gm., 0.0151 mole) in water 
( 1 5  ml.) was added to the ligand (3-546 gm., O.OI5 8 mole) 
in 9 6% ethanol (10 ml.) under nitrogen. A brown solution 
was obtained, but no crystals separated. Sodium hydroxide 
solution 2N (7 - 6  ml., O.OI5 I mole) was added. Orange 
crystals were formed in brown solution after mixing well.
It was noted that the crystals darkened on hvating. Thus 
the suspension was boiled at 1 2 0 ° for 1 5 minutes whereupon 
the crystals were dissolved and gave a brown solution.
Glittering orange-brown platelets crystallised on cooling to
— 60 —
room temperature. This product was filtered off, washed 
with water, 9 6 % alcohol and water again (as some pinlc 
material was noticed in the solid), and then dried in 
vacuum for 5-6 hours at room temperature. The infrared 
spectrum showed strong water absorptions.
f22lThis complex was prepared before by Morgan and
McCarthy et al.,^^^] ^ut these workers could not pur^^fy the 
compound satisfactorily because of its rapid decomposition 
in solution.
The analysis for cobalt fitted well with formulation 
as the monohydrate, which also agreed with its infrared 
spectrum. This complex was heated in a drying pistol under 
reduced pressure and 1 - 2  water molecule were lost. 
Unfortunately, the other analytical data are poor, and the 
reason for this is not known.
Found :C,44.'16;H,6.37;%,2.20; 0 0 ,1 9 .8 0 % 
Co.CigHigNgOg requires : 0,51. 25? R!»^6 .45? %,9. 96? Co^2 0 ,9 6% 
Co.C^gH^gNgOg.HgO requires; 0,48.17? H,6.74? H,9 .3 6 ? Co,1 9 .7 0 %
Bis(trifluoroacetylaceto n eethylenediiminato cobalt(II)
This complex was prepared from cobalt acetate 
(1 . 6 0 6  gm., 0 , 0 0 6 4 5  mole) in absolute alcohol ( 1 0  ml,), the 
ligand (2 . 3 0 8  gm., 0 , 0 0 6 9 5  mole) in the same solvent 
( 1 5  ml.), and sodium hydroxide solution 2N, (3 . 2 5  ml,, 
0,00645 mole) under nitrogen. Absolute alcohol (10 ml.) 
was added to the mixture which was firstly boiled at 120°C, 
then simmered at 9 0 °C for a few hours. Sodium hydroxide
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solution 2N was needed (0.5 ml.) for this reaction and 
heating was applied again until orange fine glittering 
crystals were formed. These were filtered off, washed 
four times with water, twice with absolute alcohol, and 
dried. It was noticed that the mother liquor darkened in 
air.
Found :C,37.49?H,.3.31tW,7.15?Co , 15.35% 
Co.C^gH^gNgOgFg requires :C, 37 . 04?H,:3 - H?N,7 . 20% Co,a5 . 15%
Bis(benzoylac etoneethylenediiminato)cobalt(II)
Ethanol (96%) was found to be the best solvent for 
this ligand ( 2 0  ml., 4.881 gm,, 0,0l4 mole). An aqueous 
solution of cobalt acetate ( 1 3  ml., 3 , 2 0 7  gm. , 0 . 0 1 3  mole) 
and 2N. sodium hydroxide solution (6 , 5  ml., 0 , 0 1 3  mole) was 
placed in two separate vessels attached to the reaction vessel 
containing the ligand in alcohol. It was found that the 
ligand did not dissolve completely even on heating, and 
it was necessary to add dimethylformamide ( 3 0  ml.) and 
heat. As usual, sodium hydroxide was added to the ligand 
solution before the cobalt acetate. The mixture was boiled 
at 100-110°C for 1-^  hours with constant shaking. After 
cooling to room-temperature the complex was filtered off, 
washed with water, and absolute alcohol, and dried. It
was a microcrystalline glittering bright orange-red 
compound.
Found :C, 66.27;H, 5.78;N,.6.71?Co, 14.07% 
Co.CggHggNgOg Tsquli6s :C,65. 1 4 . 5 4 #
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Bis (5-SulphosalicylaldeIiyde anil) cobalt (II)
Bis(5-Sulphosalicylaldehyde sulphanilamide)cobalt(II)
Bis(5-Sulphosalicylaldehydeethylenediiminato)cobalt(II) 
Attempts were made to prepare the cobalt(II) 
complexes of the sulphonated Schiff’s bases 5-Sulphosalicy­
laldéhyde anil, 5-Sulphosalicylaldehyde sulphanilamide, 
and 5-Sulphosalicylaldehydeethylenediiraine by the methods 
of Mukherjee and Ray^^^] ^ut without success. Although 
products of the expected colour and solubility were obtained, 
the cobalt analyses were always unsatisfactory.
2 .5 . PREPARATION OF NITROSYL COr^PLEXES
Mitrosylbis(salicylaldoximato)cobalt
When cobalt acetate in a small amount of water was 
mixed under nitric oxide with the ligand in 9 6% ethanol, a 
dark brown solution formed which gave dark brovm needles on 
concentration. To confirm this reaction, it was repeated 
on a larger scale from cobalt acetate (1 , 9 8 0  gm,, 0 , 0 0 0 8  mole) 
in 9 6% ethanol (I5 ml,) and the ligand (2 , 5 2 8  gm,,
0 . 0 0 1 8  mole) in $6% ethanol (3 ml,). Within 6 hours,
0 , 9  mole of nitric oxide was absorbed per grara-atom of 
cobalt present, (In general In these preparations the 
ligand was about 5% in excess). There was a strong 
absorption at I6 6 5 cm,” '^
Found;C^46,l6tH,3-24*n,10.96;Co,1 6 ,3 1% 
Co.C^^H^^NgO^.NO requires;Ct46,55;H,3-35;W,11.65;Co,16,32%
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Hitrosylbis ( 2 -hydroxyacetophenoxieoximato) cobalt
An ethanolic solution of the ligand (5-122 gm., 
0 .0 3 3 9 ' mole) in absolute alcohol ( 1 2  ml.) was added to 
cobalt acetate (3 . 0 5 5  gm., 0 . 0 1 5 7  mole) in the same 
solvent ( 2 0  ml.) under nitric oxide. The reaction was 
very slow but eventually 1 . 0 5  mole of nitric oxide was 
absorbed per gm.-atora of cobalt present. The nitrosyl 
complex was filtered off in nitrogen, washed with absolute 
alcohol, and dried. It was found to have a strong peak 
at 1 6 7 4  era, ^
Pound : c;48.63? 5,4.20; N,1 0 ,2 i; Cojl5 .0 0 % 
Co.C^^H^^NgO^.NO requires :C,49.37;H;4.l4;N,10.79;Ca,15.l4%
Nitrosylbis (5-methylsalicylaldoxinia to) cobalt
From cobalt acetate (0.596 gm., 0,0031 mole) 
in absolute alcohol ( 8  ml.), the ligand (0.945 gm,,
0 . 0 0 6 3  mole) in the same solvent ( 1 1  ml,), and with
the absorption of 0 , 9 7  mole of nitric oxide per gm.-atom
of cobalt in 2 hours, the dark nitrosyl complex was formed.
It was filtered off in nitrogen, washed with cold absolute
alcohol, and dried under reduced pressure. The dark
gray dry complex gave a very strong absorption at I6 8 O cm, ^
Found ;c ,49-04; H,-4.41;%,10.66; C'o,15*23% 
Co.C^^H^^NgO^.NO requires :C,49.37fH,4.l4; M/10.79;Co,15.14%
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Nitrosylbis(5-Chlorosalicylaldoximato)cobalt
The ligand (4.273 gm., 0.0249 mole) in absolute 
alcohol ( 2 5  ml,), cobalt acetate monohydrate (1 , 9 6 2  gm.,
0 . 0 1 0 1  mole) in absolute alcohol ( 1 0  ml.) and nitric oxide
gave a fast reaction and a black nitrosyl product?
Ligand : Co : NO = 2.5 : 1 : 1.0. The nitrosyl was
filtered off, washed with absolute alcohol and dried. This 
reaction was repeated to check its reproducibility. From 
both experiments a very strong band at I6 8 8 cm, ^ was observed,
Found :C, 38.51;H, 2.43;N, 8.88,*C1, 15,33?
Co,1 3 .6 7 %
Co.C^^H^QNgO^Clg.NO requires :C, 39,10;H, 2.34?%, 9.77 ; Cl, 16,4-9;
Co,1 3 .7 0 %
Nitrosylbis(3 -methoxysalicylaldoximato)cobalt
This preparation was first tried in dimethylformamide 
which was the best solvent for the ligand. For reaction, 
cobalt acetate (1 , 7 6 6  gm., 0 , 0 0 7 1  mole) in dimethylformamide 
(11.5 ml.), and the ligand (2,664 gm,, 0 ,0 l6 0 mole) in 
dimethylformamide (8 , 5  ml.) were mixed in an atmosphere 
of nitric oxide. One mole of nitric oxide was absorbed 
in an hour and dark broim crystals were obtained. Their 
infrared spectrum gave two absorptions at l640 (vs) and 
1 6 6 8  (s) c m . b u t  the cobalt analysis was low.
To improve the method of preparation, ethanol 
was used as a solvent. Successfully, the dark-brotfn 
crystals were obtained from cobalt acetate (0 , 6 2 2  gm.,
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0,0025 mole) in 9 6 % ethanol (5 ml,), the ligand (O. 9 1 8  gm,, 
0 . 0 0 5 5  mole) in 9 6% ethanol ( 5  ml.) and 1 , 0  mole of nitric 
oxide was absorbed within half an hour. The infrared 
spectrum of the nitrosyl possessed a sharp strong band at 
1 6 6 0  cm. ^ with a shoulder around I6 7 O cm. ^
Found :C/45.15;H,4,l8;%f9.56;Co,13,62% 
Co.C^^H^^NgO^.NO requires î C,45,55;H,!3.8 2 ;N, 9 .9 6 ; C6 ,1 3 . 97%
Nitrosylbis ( 5 -methoxysalicylaldoximato) cobalt
Cobalt acetate (0,685 gm., 0,0035 mole) and the 
ligand (1 , 3 1 9  gm., 0 , 0 0 7 9  mole) were dissolved separately 
in hot absolute alcohol ( 8  ml, and 7 ml, respectively).
They were reacted with nitric oxide to form a dark nitrosyl 
in a very fast reaction rate (less than an hour) to get 
a ratio of Ligand : Co : NO = 2.25 : 1 : 1 ,0 1 , The 
nitrosyl was filtered off, washed with absolute alcohol 
and dried in vacuum. Infrared spectrum showed a very 
strong absorption at 1 7 0 0  cm. ^
Found ;C, 45,9 9 ?H,.4,17*,N, 9-55%Cd, 13.64% 
Co.C^^H^^NgO^.NO requires :C,.45.55;H,:3.B2;N, 9-96;Co, 13. 97%
Nitrosylbis(3 -nitrosalicylaldoximato)cobalt
Absolute alcohol was used to dissolve appropriate 
amounts of cobalt acetate (0 . 9 0 1  gm,, 0 , 0 0 3 6  mole) and the 
ligand (1,340 gm,, 0.0074 mole) separately. Just before 
the reaction with nitric oxide was started, much of the
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ligand crystallised because of cooling, but it was used as 
such. No nitric oxide was absorbed but some deep yellow 
heavy precipitate formed from a broTjn solution.
Dimethylformamide was added to the above system 
and the nitric oxide level was re-adjusted, but except 
for slight darkening of the solution no reaction occurred.
Another attempt to prepare this nitrosyl was 
carried out with cobalt acetate (1 . 5 1 8  gm,, 0 ,0 0 6 l mole) in 
dimethylformamide ( 2  ml,), the ligand (2 , 2 5 0  gm.,
0.0135 mole) in the same solvent (4 ml.). There was no 
reaction with nitric oxide.
Experiments have been tried in many solvents, e.g. 
pyridine, acetone, dimethylformamide plus pyridine and 
acetone, n-butanol, dioxane, dimethylformamide plus 
dioxane, dichloromethane, and nitrobenzene. All were 
failures,
Nitrosylbis (5-’n.itrosalicylaldoximato) cobalt
Two solvents, ethanol and dimethylformamide, were 
tried for the preparation of this nitrosyl complex tfithout 
success. In all attempts the molar quantity of nitric 
oxide absorbed was from 0,7 to 1. Four experiments in 
ethanol gave high or low cobalt analyses although reasonable 
and comparable infrared spectra of the nitrosyl products 
were obtained.
Attempts using dimethylformamide, in which the 
ligand and cobalt acetate solutions were mixed under nitric
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oxide, or in which the nitric oxide was allowed to react 
with the preformed complex, were unsuccessful.
An example of reaction in ethanol is given. On 
mixing cobalt acetate (0 , 8 9 3  gm,, 0 , 0 0 3 6  mole) in absolute 
alcohol (8 ml,), with the ligand (1,335 gm,, 0,0073 mole) 
in absolute alcohol (8 ml.) in nitric oxide, 0 , 8 5  mole 
of nitric oxide was slowly absorbed. The nitrosyl was 
heated in a drying pistol at 75°C for a few hours and lost 
weight equivalent to one water molecule.
Pound : C’^ 34,50; H, 2,90; H;13 • 22 ;
Co»12.68%
Co, Ci^HloNj^Og.NO requires î C, 37, 26; , 23 ; 1 5 .  52,*
Co, 13,06%
Co.Ci^HioN^Og.NO.HgO requires :C,35*8 3 ;H,2,5 8 ;N, 14,93?
Co»12.55%
^14*^10^4^8*^^* ^ ^2^ ^squires :C,34,51;H/2,90;N^ 14,37?
Co.12.10%
The preparation of this nitrosyl was repeated from 
cobalt acetate (2,830 gm,, 0,01l4 mole) in methanol (15 ml.), 
the ligand (4.178 gm., 0.0229 mole) in methanol (25 ml.) and 
nitric oxide (0,9 mole per gm,-atom of cobalt). The dark 
brown nitrosyl was filtered off, washed with water, then 
methanol, and dried. The infrared absorption was found 
at 1 7 0 1  cm, ^ as a very strong band.
Found iC, 36.78‘H,.2,85;N, l4.80;Co, 13.37%
C o . . N O  requires :C, 37• 26;H, 2.23?N, 15.52;Co, 13-06%
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Nitrosylbis(3,5 -dinitrosalicylaldoximato)cobalt
When dimethylformamide was vised as the solvent for 
the ligand, and cobalt acetate was added as a powder to 
react with nitric oxide, approximately molar quantities 
of nitric oxide were absorbed, but the products did not give 
good analyses.
A mixed solvent was tried by adding pyridine to the 
incomplete reaction of the ligand in $6% ethanol, cobalt 
acetate also in 9 6% ethanol and nitric oxide. It gave 
a ratio of 2 ; 1 i 2 .
The reaction of nitric oxide with the parent 
complex freshly prepared in absolute alcohol only gave 
the ratio of 2 . 1  : 1 ; 1 .8 . Perhaps this reaction was 
incomplete since the parent complex was not heated at 
all before adding NO. This might explain why there was 
a sign of the starting ligand left after washing and 
drying of the product. It was not investigated*
Cobalt acetate (1.192 gm., 0,0047 mole) in absolute 
alcohol ( 6  ml.) and the ligand (2.304 gm., 0 , 0 1 0 1  mole) 
in absolute alcohol ( 1 0  ml,) were reacted with nitric oxide. 
Moderate reaction rate gave ratio of Ligand ; Co ; NO =
2,1 : 1 : 1.0. The nitrosyl, in a drying pistol at 80°C 
for a few hours, lost weight equivalent to one water 
molecule. Infrared spectrum had a band at 1748 cm, ^
(very strong band) together with water absorptions.
69 —
Found :C,31.40;E,2,45;N,l6.40; Ga, 1 0 .2 1 % 
Co.C^^HgNg0 ^p,N0 requires:C,3 1 .08;H,1.49fN,l8.1 2 ; Co y 10.89% 
Co.C^^HgNgO^g.NO.H^O requires : c;30,07; H,1.80; N,17.53? Co, 1 0 .3 4 %
Nitrosylbis(4-nitrosalicylaldehydeethylenediiminato)cobalt 
Cobalt acetate (0 , 6 9 6  gm., 0,00279 mole) in 
dimethylformamide ( 5  ml.), the ligand (1.04l gm., 0 . 0 0 2 6 9  
mole) in dimethylformamide ( 2 0  ml.) and nitric oxide gave 
dark-brown crystals with absorption of 1 , 0  mole of 
nitric oxide.
Found :C ,4 3 .0 6 ;K,3.00;N/l4.93;Co,12.25%
Co, CigH^gN^Og. NO re quires : C ,43.24 ; H,.2 .72; N:,15.76 ; Co, 13.26%
Since the cobalt analysis was low the compound was 
also prepared as follows. Cobalt acetate (0,645 gm.,
0 . 0 0 2 6  mole) in methanol ( 2 5  ml.) and the ligand (1.063 gm.,
0 . 0 0 2 8  mole) in dimethylformamide ( 8  ml.) when mixed in
nitric oxide absorbed 1.0 mole of the gas. A very strong
absorption band was found at I6 6 O cm, ^ in its infrared
spectrum.
Found ;C,42.8l;H,.2.96;N,13.84;Co,12,91% 
Co.C^gH^gN^Og.NO requires sC,.43. 2 4 ;H»2 .7 2 ;N4 l5 .7 6 ; Co.;i3 .2 6 %
Nitrosylbis ( acetylacetoneethylenediiminato) cobalt
Cobalt acetate (3.735 gm., O.OI5O mole) in water 
( 1 5  ml.) reacted with the ligand (3 - 5 2 5  gm. , 0 , 0 1 5 7  mole) 
in absolute alcohol ( 2 0  ml.) under nitric oxide, within
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3 hours, gave brown-black needles of the nitrosyl. The 
ratio of the ligand ; Co s NO was 1 , 0 5  î 1 ; 0,97. The 
nitrosyl was filtered off, washed with deoxygenated water, 
and then dried. There were infrared absorption bands at 
1 6 5 2  (m), 1 6 2 6  (shoulder), l6 0 2  (s) cm, ^
Found :C ,46,48'H^6 , 2 3  ; N, 1 3 .54;Co>l8 ,73% 
Co.C^g^igNj^Og.NO requires : C,46,31? ^ ^*5.8 3 ?N,13.50; C.o,i8 ,94%
Nitrosylbis(trifluoroacetylacetoneethylenediiminato)cobalt
The nitrosyl was prepared from cobalt acetate
(1 . 3 7 0  gm., 0 . 0 0 5 5  mole) in ethanol ( 1 0  ml.), the ligand
(2,080 gm., 0 , 0 0 6 1  mole) in ethanol ( 1 5  mole) and nitric
oxide. The reaction was slow and the ratio of
ligand : Co ; NO = 1 , 1 1  : 1 ; 1,04. The dark solution
did not give any crystals although it was left under
nitric oxide for a week* until some solvent was removed by
pumping at room-temperature. Then needles were obtained.
The nitrosyl was filtered off, washed with water, and dried,
— 1There were bands at I6 8 5 and 1675 cm,"* of the same very 
strong intensity in its infrared spectrum.
Found ;C, 34.41?H, 3.U<N, 9.85;Co, 13-81% 
Co.C^gH^gNgOgFg.NO requires :C,34.49;H,2.89A 1 0 .0 3 ;Co,l4,06%
Nitrosylbis (benzoylacetoneethylenediiniinato) cobalt
The nitrosyl was prepared from cobalt acetate 
(0 , 2 1 3  gm,, 0 , 0 0 0 8 5  mole) in 9 6 % ethanol (4 ml,), the
ligand (0 , 3 0 6  gm., 0.00088 mole) in 9 6% ethanol ( 5  ml.)
X Immediate isolation gave compound analysing approximately as an ethanolate.
Found : 0,34.87; H,3.27; N,9.63; Co,12.5 6 %^1 2**’1 2^ 6^ 3 ^3 ^°'^2**5 *^* requires C, 3 6 .15 ;H, 3 . 90 >N, 9 - 04 ; Co ,12,6 7 %
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and nitric oxide. It was found that only 50% of the 
expected amount of nitric oxide was absorbed.
The reaction was next carried out in dimethylformamide 
Cobalt acetate {0.216 gm., 0,008? mole) in dimethylformamide 
( 1  ml.), the ligand (0.325 gm., 0,0093 mole) in 
dimethylformamide ( 5  ml.) and nitric oxide reacted rapidly 
and 0,94 mole of the gas were absorbed, A very strong 
infrared band at 1635 cm.*“^  was observed. The glittering 
black crystals had the following analysis :
Found :C,60.20;H;5.33;N,9.61;Co ,13.40% 
Go.Cg^HggNgOg.NO requires :C,60.69;H,5.09?N,9.65;Co,13-54%
Nitrosylbis(dibenzoylmethaneethylenediimlnato)cobalt
An attempt was made to prepare this complex from
cobalt acetate (0 , 9 7 2  gm., 0 , 0 0 5  mole) in absolute alcohol
( 1 5  ml.), the ligand (2 . 8 2 1  gm,, 0 . 0 0 6  mole) in the same
solvent ( 1 0  ml.) and nitric oxide. 0 . 9 3  mole of nitric
oxide were absorbed. The nitrosyl was filtered off in
air so some oxidation might have occurred. The analysis is not 
good. Found ;C,65.37?H,4.11;N,*2.77;Co,11.19% 
Co.C gHg^NgOg.NO requires ;C,6 8 .6 8 %K,4.68?NV7.51?Co,10.53% 
However, its infrared spectrum was recorded and a strong 
bond at 1 6 7 8  cm. ^ was found.
In a repeat of this experiment, 0.8 mole of 
nitric oxide was absorbed, and the dark nitrosyl was 
filtered off under nitrogen and washed with water. Its
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infrared spectrum gave an absorption at l6?8 cm, ^ which was 
similar in shape and position to that obtained from the 
previous sample. The metal analysis 11,$6% was still too high, 
and the nitrosyl was not used further,
A creamy white crystalline formed in the filtrate and 
washing solutions, Ifhen dry, it gave identical infrared 
spectrum as the starting ligand which perhaps could be the 
explanation for high percentage of cobalt.
Nitrosylbis(3-ethoxysalicylaldehydeethylenediiminato)cobalt 
This complex was obtained from the reaction of 
cobalt acetate (1,099 gm,, 0,0044 mole) in water (10 ml,), 
the ligand (1 , 7 5 1  gm,, 0,0049 mole) in ^ 6% ethanol (10 ml,)
and nitric oxide. Black needles were obtained within
3 hours of mixing the reactants, and 1 mole of nitric oxide
was absorbed per gra,-atom of cobalt. The product was
filtered off, washed with water and ^6% ethanol, and dried.
Pound :C,51.66;H,:5.16;N,8.92;Co ,12,48% 
Co.CgQHggNgO^.NO requires !C,34,19;H,5.00;N,9-48; Co,13 - 30%
This product was found to be contaminated by 
mercury from the gas burette and the preparation was repeated. 
Its infrared spectrum gave a very strong band at I6 3 I cm, ^
Pound :C,53.64;H,:5.40;N,8.78',Co,13.21% 
Co.CgQHggNgO^.NO requires ;C»54,19;H,5-00;M,9.48;Co,1 3 .3 0 %
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Nitrosylbis(salicylaldéhyde 1,3-propanediiminato)cobalt
When an attempt was made to prepare the nitrosyl^^^^ 
using aqueous cobalt acetate and the ligand in ethanol, poor 
analyses were obtained.
The preparation of* this nitrosyl was improved by 
using only dimethylformamide as a solvent. Cobalt 
acetate (2 , 1 9 8  gm., O.OO8 8 mole) was dissolved in boiling 
dimethylformamide ( 1 5  ml.) under nitrogen and was let to 
cool to room-teraperature before mixing with the ligand 
(2 . 7 9 4  gm., 0 . 0 0 9 9  mole) in dimethylformamide (5 ml.) 
under nitric oxide. A dark clear solution was obtained 
on mixing, and 1.1 mole nitric oxide was absorbed, Deoacy- 
genated water ( 1 5  ml.) was added in nitric oxide atmosphere 
and dark crystals separated. The nitrosyl was filtered off, 
washed with water and absolute alcohol, and dried. There 
was a very strong band at l6l7 cm.“^ in its infrared 
spectrum.
Pound :C, 55.73;H, 4,69;N, 9-16;Co ,. 15.59% 
Co.C^^H^gNgO^.NO requires :C,55.34;H,4.37;N,11.39;Coyl5.90%
Reaction of Nitric Oxide with Sulphonated Complexes
Although approximately molar quantities of nitric 
oxide were absorbed by the cobalt(II) complexes of the 
sulphonated Schiff's bases no products with satisfactory 
analyses were obtained. Ethanol and dimethylformamide 
were usually tried as solvents.
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Cobalt acetate
2.6. PURIFICATION OF REAGENTS 
[57]
Cobalt(II) acetate (from B.D.H.) was recrystallised 
from dilute acetic acid, washed with 9^% ethanol and 
dried in air at 40-50^C.
Found : Co,23.72; 23.71%
C^H^O^.Co.4HgO requires : Co,23.6 8 %
Dimethylformamide (P.M.F.)^^^^
Following a similar method to that used hyrThomas and Rochow, dimethylformamide was dried over
barium oxide for 48 hours, then filtered and distilled 
under reduced pressure using a nitrogen "bleed". The 
middle fraction was collected at 65^, 1 . 5 - 2 . 0  cm.Hg.
This purified dimethylformamide was stored under nitrogen.
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3.1. ANALYTICAL METHODS
Cobalt
The gravimetric, pyridine thiocyanate raethod^^*^^ 
was applied. The complex, about 0.1 gm., was digested 
with concentrated sulphuric acid ( 5  ml,), concentrated 
nitric acid ( 2  ml,), and concentrated perchloric acid 
( 2  ml.) to dryness and the residue was dissolved in 
deionised water ( 5 0  ml,),
A.R, ammonium thiocyanate (about 0,1 gm.) was 
added to it. The solution was boiled, treated with 
pyridine ( 3  ml.), immediately removed from heat, and left 
to cool to room-temperature. The crystalline pink complex 
of tetrapyridinecobalt dithiocyanate was filtered into a 
sintered glass crucible. It was necessary to make sure 
that the pink complex was washed as carefully and 
completely as possible by the washing solution I at this 
stage. Solution I contained deionised water (100 ml.), 
A.R, ammonium thiocyanate (0.5 gm, ) and pyridine (0,7 nil,). 
It was washed 6 times by solution II which contained 
deionised water (8 5 . 5  ml.), 9 6 % ethanol ( 1 3  ml,), ammonium 
thiocyanate (0 , 1  gra,) and pyridine (1 , 5  ml,); then washed 
3 times by solution III which contained absolute alcohol 
( 2 5  ml.) and pyridine ( 2  ml.) and finally washed 1 0 times 
by solution IV which contained sodium-dried ethyl ether 
( 3 0  ml.) and pyridine (4 drops). It was dried at 
room temperature in a vacuum desiccator for 1 0  minutes
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before weighing, and weighed again after drying at 5 minute 
intervals until a constant weight was obtained.
The specimens were determined in triplicate and this 
method was reproducible and accurate to f 2%, The result 
was occasionally checked with complexometric titrations - 
both EDTA back titration using eriochrome black T as 
indicator and direct titration using xylenol orange as 
indicator. The gravimetric analysis was preferable as 
there were difficulties with blurred end-points unless care 
was taken to keep the ionic strengths of the solutions low.
Manganese
A modification of a published method for the 
determination of m a n g a n e s e ^ w a s  used. The complex, 
about 0 . 1  gm., was digested as for cobalt. The residue 
was dissolved in deionised water and used for coraplexometric 
titration,
Rochelle’s salt (approximately 0,1 gm.) was added 
to prevent the precipitation of manganese(II) hydroxide, 
and also ascorbic acid (about 0 . 1  gm.) was added to prevent 
any oxidation of the manganese(II)-EDTA complex. Two to 
threefold excess of standard EDTA (disodium salt) solution 
was added, and the solution was heated to 70-80^0. Its 
pH was adjusted to 10 by ammonia-ammonium chloride buffer 
which contained concentrated ammonia solution (sp.gr, 0 ,8 8 , 
142 mi.,), and A*H, ammonium chloride (17,5 gm. ), diluted 
with water to 250 ml. A few drops of Erio-T wore used as
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an indicator and the excess EDTA was hack titrated with 
standard zinc sulphate solution. The determinations were 
carried out in duplicate. It was necessary to evaporate 
to dryness to remove strong acid as good end points were 
only obtained with solutions of low ionic strengths.
Carbon, Hydrogen, Nitrogen, Sulphur, and Chlorine
Microanalyses for these elements were done in the 
microanalytical laboratories of the Max Planck Institute, 
Mulheim, Germany, in the Microanalytical Laboratory of 
Imperial College, London, S.N.7; and later in the Department,
3 .2 . INFRARED SPECTRA
Air sensitive samples were mulled in a dry box or 
a polythene bag filled with nitrogen. The mulling agent 
(nujol) was kept under nitrogen in a tiny bottle. Spectra 
were recorded on a Unicam Spectrometer Model SP.200 over 
the range 4000-650 cm. ^ Its calibration was checked with 
polystyrene. The N-0 stretching frequencies were assigned 
by comparing spectra of the parent complexes and the 
nitrosyls.
3.3. SINGLE TEMPERATURE mCNETIC MEASURBI4ENTS
Figure l6 shows the apparatus for magnetic measurements 
at room-temperatures. A glass susceptibility tube containing
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a calibrant or a sample is hung between the poles of an 
electromagnet from the left pan of a five-place analytical 
balance. The pole pieces are so designed that on 
application of the magnetic field, the lower end of the tube is 
in a region of uniform field so that small movements of the 
tube will not affect the measurements while the top end 
is actively in zero applied field.
There is a glass jacket around this tube to prevent 
draughts and the temperature is recorded by means of a 
thermometer in the side-arm of the jacket.
Distilled water was used to measure the volume of 
the tube up to the mark to which the tube was filled first 
with calibrant (Nien )S 0 , and then with the compound.
Equation (1) is used to calculate the gram susceptibility:
Y  _ ky— t j w  . .
0 o o a a o o e e # o o o e o o o o o 9 o o p o  \  - L  /
%, .= gram-susceptibility of calibrant or sample.
-6K - volume susceptibility of air = +0.029 % lO” .
V = volume of the specimen,
(3 = constant involving the dimensions of specimen and
the field strength and must be obtained by 
calibration with a substance of known ^ .
w = difference in weight on application of field
corrected for diamagnetism of glass susceptibility 
tube.
W = weight of specimen.
— 8l —
The molar susceptibility of the complex, 'Xm '» obtained
by multiplying %, by molecular weight of the complex, and 
X  corrected for the diamagnetism of the ligands to
give the atomic-suSceptibility, X  The effective
magnetic moment * *^'eff  ^ calculat ed from
= 2.84.^% T,O f f  "  T/'-A, * B.M.
3,4. VARIABLE TE^-tPERATURB l^jEASUREMENTS
The nitrosyls were almost diamagnetic so it was 
not necessary to measure their magnetic susceptibilities 
over a temperature range. The magnetic susceptibilities 
of the paramagnetic parent complexes, however, were 
measured from room temperature to about BO^K, Some of 
these complexes were air sensitive; these were sealed 
under vacuum in glass tubes for the susceptibility 
measurements. Owing to the paramagnetic impurities in 
glass the change in weight of the glass tube had to be 
determined as a function of field and temperature. The 
apparatus for variable temperature measurements resembles 
that in Figures 17, l8 , and 19, except for the incorporation 
of the cryostat and its ancillary equipment. The 
apparatus has been described recently,
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3.5. DETERI4INATI0N OF WATER CONTENT
A kno^m weight of complex was placed in an aluminium 
boat over phosphorus pentoxide in the central part of the 
heating column of a drying pistol and the apparatus was 
evacuated* To avoid decomposition on dehydration, 
suitable temperatures were carefully selected and controlled; 
and the complexes were heated to constant weight.
The number of water molecules obtained by this 
method was always checked with that deduced from 
microanalyses.
3.6. CONDUCTAI^JCE IjEASUREMENTS.
Molar conductivities were measured at using
a Phillips G.M. 4249 conductance bridge and a calibrated
conductance cell [Figure 2 0 ]. The method for measuring
[701conductance is explained in Vogel, Dimethylformamide
was used as a solvent for nitrosyl complexes in 0,001 M, 
solutions. Since all specimens were air-sensitive when 
wet, it was necessary to prepare solutions in the 
apparatus shoim in Figure 20,
The deoxygenated dimethylformamide was transferred 
from its*storage bottle into the cell. The weight of 
dimethylformamide was obtained by subtracting the weight
- 8 6
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of empty cell from the weight of the cell containing 
dimethylformamide, and the volume of dimethylformamide 
calculated from its density. A known weight of complex was 
replaced in the side- arm, and the air within the apparatus 
was replaced by nitrogen.
The resistance of the solvent was measured, and the 
solution was prepared by tipping the cell over. Its 
resistance was then taken. This reading was repeated after 
leaving the solution under nitrogen about half an hour.
Then the cell was evacuated and air admitted to allow 
oxidation. The resistance was determined again after about 
half an hour to see if there was any change. The molar conduc­
tance w a s  calculated from the equation
W  - 1 0 0 0  cell constant” concentration resistance
The cell constant was determined by using a standard 
potassium chloride solution prepared from AnalaH potassium 
chloride (7.4789 gm. in 1000 ml, of deionised water at 2 5 '^ C) . 
This solution was left in the thermostat at 25^0 overnight 
before measuring. The solution was transferred from the 
volumetric flask in the thermostat into the cell keeping 
in the same thermostat bath during all experiments. The 
cell electrodes were joined to the conductance bridge and 
two resistance readings were taken from each solution at 
half an hour intervals. The average resistance was 
obtained from five readings and this used as R.
li is the specific conductance, from the above
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concentration of standard potassium chloride solution 
K - 0 ,0 1 2 8 5 6 . The cell constant is defined by the 
relationship :-
Cell constant = K-R.
= 0 . 0 1 2 8 5 6  X 0 . 2 8 4 6  X 1 0 ^
= 0 , 3 6 6
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4.1. NITRIC OXIDE REACTIONS
The cobalt nitrosyls which have been prepared are 
given in Table 3. Since one gm.-mole of nitric oxide 
was absorbed at room temperature per gm.-atom of cobalt 
present, the products may be formulated as mononitrosyls, 
and this composition is confirmed by analyses (see 
Chapter II, Section2i5). Although many different solvents 
were tried, no nitrosyl could be obtained with 
3-nitrosalicylaldoxime as ligand. It is not known why 
this is; the other nitro-substituted oximes reacted readily, 
and the cobalt nitrosyl of the related quadridentate ligand, 
3 -ethoxysalen, can be readily obtained.
4.2. MOLAR CONDUCTANCE MEASUREMENTS
The normal ranges of molar conductances at 2 5 °C 
for different types of electrolyte dissolved in 
dimethylformamide at concentration 0.001 M are given in 
Table 4,
The molar conductances of the mononitrosyl cobalt 
complexes were determined at 2 5 ^C in dimethylformamide at 
concentration 0 . 0 0 1  M  under nitrogen. They were found 
to be non-conducting (Table 3). The nitrogen was pumped 
out and air was let in, to see the effect of oxidation.
There was a gradual increase in conductance. It was 
expected that all mononitrosyl cobalt complexes prepared 
in this work would be non-conducting so that the molar
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TABLE 3
Quantitative Nitric Oxide Absorptions and Molar Conductance
Cobalt Nitrosyls Quantitative Nitric Oxide Absorptions
Molar Conductance—1 2 (mhos, mole cm. ) in
dimethylformamide ab 2^
Nitric Oxide (mole per gm, - atom of cobalt) Solvent
Undernitrogen After aerial oxidation
Salox 0.90 9 6 ^ ethanol ÉM -
7-methyl salox 1-05 absolutealcohol -
5-methyl salox 0.97 absolutealcohol 2.7 6.2
5-chloro salox 1.00 absolutealcohol - -
3-raethoxy salox 1.00 9 6%ethanol - -
5-methoxy salox 1,01 absolutealcohol 2.1 7.1
3-nitro salox no reaction manysolvents - —
5-nitro salox 0,85 methanol 1 3 . 0 21.7
3,5-dinitro salox 1,00 absolutealcohol - —
Sal-1,3-propane 1.05 D.M.F. - —
Sal-1, 2-propane 0 ,9 0 ^ ^ ^ D.M.F. - -
3 -ethoxysalen 1 . 0 2 ivater and 
9696 ethanol 0.9 2 , 6
4-nitrosalen 1 . 0 0 methanol and D.M.F. - —
Benaoy 1 a cet one en 0.94 D.M.F. — -
Trifluoro-acacen 1.04 ethanol - -
Acacen 0.97 water andabsolutealcohol ■
Dibenaoylmethaneen 0.93 absolutealcohol
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TABLE 4
T41Molar Conductances of Different 
Electrolytes at 25^0.
Electrolyte
Type
Molar Conductance 
(mhos. mol ^ cm, 
in dimethylformamide
References
8 5 and below 8 0
7 0 - 8 0 8 1
135-175
140-170
8 1
8 0
M3+(X~)2 2 0 0 - 2 5 0 8 1
2 0 0 - 2 6 0 8 0
93 -
conductances of representative compounds only were determined,
The results show that the NO grouping is coordinated, and 
not present as ionic NO^ or NO groups. This is confirms 
hy the Infrared investigations (see later).
4,3. INFRARED RESULTS 
Acetylacetoneethylenediimine Series
Acetylacetoneethylenediimine was considered by 
Dudek and Holm^^^^ to consist of the three forms below 
in tautomeric equilibrium (Figure 2 1 ),
C^O 0=^0
/CH (I)
/<’=3
HO /  ^cH Hc ; h r  \ h
C=m' 'N = C ,0— N
^3° (OHg)g '^ CHj ’^3'^ (^ 2^^ 2 ‘^ ’’3
( II ) ( III )
FIG. 21
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Evidence for the presence of forms II and III in 
the solid state and in solution came from infrared studies 
by Ueno amd Martell^^^^ and by Mart ell and Calvin,
Substitution of fluorine for hydrogen in the 
methyl groups of acetylacetoneethylenediimine renders the 
o3sygen donor atoms of the compound much less basic 
because of the inductive effects of fluorine.
In the paper of McCarthy et the structure
of the trifluoroacetylacetoneethylenediimine-metal complex 
was shown to be
> - 0 - ^  ^ o - c (
It is worth noticing that the -CF^ groups were adjacent 
to the o3sygen atoms and not to the nitrogen atoms.
Also for the ligand benzoylacetoneethylenediimine, 
Dudek and Holm^^^^ obtained nuclear magnetic resonance 
evidence which showed that the methyl groups were adjacent 
to the hydrocarbon bridge, i.e.
H3 C. (CH,) CH3
G— N—CT
H, ^CH
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r Q e ■]On the other hand, McCarthy and Martell, from dipole
moment data, favoured the structure:
C— C I
HG ^  \  nf ^GH
\  =zO'' 'OzzC^/  \H C 'CH
P231which was supported by another paper*- which considered 
the chelates with bivalent metals to have the structure:
^(GEg) G^H^
yC=:N ^E=G
EC '^CH
^ C — 0 ^  0 —
H^G'^ ^GH.
Acetylacetoneethylenediimine and related compounds 
were found to have infrared bands in similar ranges, 
suggesting similar structures. These absorptions were 
given in Tables 5» 6 and Figures 22 and 23. The four ligands 
in Tables j5 and 6 had the following types of absorptions,
(l) Acetylacetoneethylenediimine had two weak bands 
at 3 1 5 0  and 3100 c m , w h i c h  were absent in the spectrum 
of the nitrosyl complex, Trifluoroacetylacetoneethylene- 
diiraine had two bands at 3 1 8 O and 3100 cm, ^ which had 
disappeared in the spectra of the nitrosyl and parent 
complexes (but a new band showed at 3 5 0 0 cm, ^ in the 
nitrosyl). These were considered to arise from hydrogen-
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bonded N-H and 0-H stretching vibrations. This was also 
suggested by Martell,
(2 ) Martell^^^^ has assigned absorptions of
aliphatic quadridentate Schiff*s bases in the range 
-«X1 6 1 5 - 1 6 1 0  cm, to hydrogen-bonded C=0 stretching vibrations. 
But Tayssie^^^^ considered that in the spectrum of the 
aromatic quadridentate Schiff-s base benaoylacetoneethylene­
diimine the 1 6 0 6  cm, ^ band was due to the C=N stretching 
absorption.
All four ligands had very strong or strong peaks 
in the narrow range I6 1 O - 1590 cm,~^ They were too low 
to arise from free C= 0 stretching vibrations, but could 
possibly be strongly hydrogen-bonded C=N or C=0 stretching 
vibrations and it was not possible to distinguish between 
them,
(3) Three ligands had similar bands at 1578 - 1575 cm. 
but the fourth, dibenzoylmethaneethylenediiniine, possessed a 
broad and strong absorption at a little lower frequency 
( 1 5 6 0  - 1 5 3 8  cm, ^), This absorption is in the range
for C=C stretching in conjugated rings, but is much broader 
and more intense than expected and is probably due to a 
C-0 vibration,
(4) M a r t e l l a s s i g n e d  bands at 1525 j], 1 0 cm, ^ 
to C-N stretching vibrations reduced in frequency by strong 
hydrogen-bonding, while Teyssie^^^^ and B e l l a m y a s s i g n e d  
these bands to aromatic C=C vibrations.
These bands were found not only in the aromatic
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ligands benaoylacetosaeethylenedlimine and dibenzoylmethane^ 
ethylenediimine but also in the spectra of acetylacetone- 
ethylenediimine and trifluoroacetylacetoneethylenediimino, 
so that it seemed more likely that they arise from C-H 
stretching vibrations,
(5) Tifo sharp peaks arising from -CH deformations
were foimd in the region 1463 - l440 era, ^ and 1375 - 1350 cm,"^ 
for all four ligands.
(6 ) Only the trifluoroacetylacetoneethylenedlimine 
had a very strong peak at 1240 cm.*" This was obviously
a C-F stretching vibration in good agreement with Martell*s
work.[Gl]
(7) The nitrosyls have additional very strong 
absorptions at I6 3 O - I6 8 5 cm, ^ which are assigned to 
coordinated NO groups. These bands are shovm by asterisks 
in the Tables 5 -6 .
The trifluoroacetylacetoneethylenediimine nitrosyl
could be obtained in two forms. The product obtained on
immediate isolation from the reaction mixture analysed
reasonably as a mono-ethanolate. On heating at 6 o° or
lOO^C a weight loss approximating to that expected for an
ethanol molecule was obtained, and an absorption band at 
— X3 5 0 0  cm, disappeared. There were also marked changes 
in the NO absorptions in the I6 5 O e r a , r e g i o n  as can be seen . 
from the spectra (Figures 22 and 23).
I'Jhen the nitrosyl was prepared in more dilute 
solution, and the solution left under nitric oxide for
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TABLE 5
Acacen " 3 acacen
Ligand Cobaltnitrosyl Ligand Parentcomplex Nitrosyl (Figure 22) Nitrosyl (Figure 2 3 )
* 1 6 5 0 vs I7 O8*1645 wvs * 1 6 8 5  vs
1 6 0 8 hr,vs 1 5 7 4 s 1 6 0 2 s 1 6 0 8 vs * 1 6 3 5 vs * 1 6 7 5  vs
1 5 9 8 hr, vs 1 5 6 6 s 1578 vs 1 5 9 3 vs 1 5 8 8 m 1649
1 5 7 5 hr,vs 1 5 1 2 vs 1 5 2 6 m 1 5 3 4 1 5 5 5 8 1 6 2 0  vs
1558 1 5 1 0  s 1 5 6 9
1 5 2 0 s 1412 vs 1 3 9 2 1463 1 5 4 1
1 5 1 2
1 3 6 4 s 1 3 4 2 1 3 2 3
1475
1 4 5 1
1435 1 2 8 2 m 1 2 7 7 vs 1 3 1 6 vs 1 3 0 8 vs 1 3 8 3
1224 1 2 5 8 1246 vs 1241 s 1 3 1 0
1 3 5 1 s 1144 1 2 3 9 vs 1 1 8 0  vs 1 2 1 1 1 2 5 3
1 2 8 2 hr,vs 1 1 2 0 1 2 1 5 ll44 vs 1 1 9 6 vs 1 2 1 9
1 2 6 2 1 0 7 0 1 1 9 7 s 1 1 2 2  vs 1 1 5 5 1184
1 2 5 8 1046 1 1 8 0 vs 1 0 8 0 1 1 3 6 vs 1 1 5 5
1245 1018 1 1 2 6 vs 1024 m 1 1 1 8 1145
1 2 1 2 1 0 0 2 1 1 1 5 vs 946 1 0 8 8 1 1 3 5
1 1 9 6 9 5 4 1 0 7 5 vs 9 1 4 vs 1 0 1 3 1 1 1 6
1 1 3 8 8 0 0 1046 8 8 2 9 5 8 1 0 7 7
1084 vs 764 in 1004 874 s 9 1 7 in 1 0 2 7
1 0 2 2 m 724 9 4 2 m 8 3 6 8 8 3 9 1 5
9 8 0 m 6 8 5 8 9 2 s 8 0 2 vs 8 3 7 8 7 9
9 4 2 8 7 0 7 8 6  vs 8 2 1 793
9 3 2 8 3 4 757 793 m 740
8 5 6 hr,vs 778 s 7 3 4 vs 7 7 1 6 7 3
840 773 6 7 0 7 4 7 m
7 9 4 755 737
7 6 0 s 7 5 0
7 3 8 vs 7 2 0
6 6 2
s
Peaks for NO stretching frequencies.
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TABLE 6
Benzoylacetoneen Dib ensoylme tha?-.o en
Ligand Parentnomples Cobaltnitrosyl Ligand Cobalt#nitrosyl
* 1 6 3 5  vs * 1 6 7 8  vs
1 6 0 0  vs 1584 m 1 5 9 2 m 1 5 9 0  s 1 5 8 9  m
1 5 7 5 1 5 6 4 vs 1 5 7 6  m 1 5 6 0  s 1 5 3 3 vs
1 5 4 2  s 1 5 1 0  vs 1 5 1 5 VS 1 5 3 6  s 1 4 9 0  m
1 5 1 8 1 4 9 0  vs 1 4 9 4  s 1 5 1 2  s l46o vs
1482 1 4 3 4  8 1 4 5 0 1 3 0 4 1 3 2 1  s
1440 s 141 6 vs 14-24 s 1 2 2 0  m 1 2 2 9 m
1 3 3 8  vs 1 3 5 8 1 3 6 2  m 1 1 8 6 1 1 8 3
1 2 8 6  vs 1 3 4 6 s 1 3 1 0 1 1 7 6 1 1 6 0
1 2 8 0 1 3 0 9 1 3 0 0  m 1 1 6 0 1 1 3 3
1224 1 2 9 6 m 1 2 6 8 1 0 9 8 1 1 0 3
1 2 0 2 1264 1242 1 0 5 4 1 0 7 3
1 1 6 8 1 2 3 2 1 2 1 8 1 0 2 2 1045
1 1 5 0 1224 1 1 8 6 1 0 0 0 1 0 2 9 m
. 1084 vs 1 1 7 4 1 1 6 0 975 1 0 0 7
1 0 6 1  s 1164 1 1 3 2 9 3 0 959
1 0 3 8 1 1 5 2 1 0 9 8 8 5 6 9 0 0
1 0 2 6  m 1 1 2 6 1 0 8 2 846 8 6 1
9 9 8 1 1 1 6 1040 7 8 8 8 0 8
9 7 6 1 0 8 6 1 0 3 4 7 5 4  vs 795
9 2 2 1 0 7 2 m 1 0 1 1 7 2 2 759 vs
8 8 2 1 0 3 0  m 9 4 4 7 0 4  m 7 2 1  8
848 s 1 0 2 0 9 1 6 6 9 3 7 0 5
8 0 8 s 1 0 0 0 876 6 7 8 s 6 9 0  s
7 7 6 9 7 6 8 2 2
7 5 8 vs 9 2 6 8 1 0
7 0 8  8 9 1 0 7 6 4 vs
6 8 8 s 8 8 6 7 3 2
6 7 0 864
8 5 2  
8 1 0  
8 0 0  
7 9 0  
746 vs 
6 9 2 vs
7 1 2  vs 
6 7 8
always gave reproducible spectra with a NO stretching frequency at l6 ? 8 cm. its analyses were poor,
3£ Peaks for NO stretching frequencies in all tables.
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several days "before concentration and crystallisation, the 
product contained no alcohol and had the same spectrum as 
those heated at 60° or lOO^C. The marked effect of the 
ethanol on the HO absorptions is not understood,
Oxime Series
In complexes of a metal and an oxime, it has been 
shotm that the hydroxy-group of the oxime is not involved 
in chelation, but that the nitrogen atom is bound to
the metal.
Ramaswamy^^^^ studied salicylaldoxime and its r 27icobalt(II) and other metal chelates, Burgez', Egyed et al. 
used methyl-, chloro-, nitro-, and un~substituted 
salicylaldoxime to form complexes with many transition metals 
including cobalt(II).
The spectra of the cobalt(II) complexes and cobalt- 
nitrosyl complexes of substituted and unsubstituted 
salicylaldoxime prepared in this work are shown in 
Tables 7-10.
They had the following types of absorptions :-
(1) Bands in the range 3530 - 305O cm, ^ were 
assigned to hydrogen-bonded O-H stretching vibrations.
Each oxime and each parent complex (except that of 
salicylaldoxime) showed a band here, but the nitrosyl 
complexes of nitrosubstituted oximes gave two bands in this 
range,
- 103 “
TABLE 7
SALICYLALDOXIME
PossibleAssignment Ligand ParentComplex CobaltNitrosyl
H-bonded OH str.
N-0 str.
Conjugated C=H str.
Ringvibrations
C-H in plane / def. L
3450 br, s
N-0 str.
C-0 str,
C-H out of plane def.
f
1620 s
1579 s 
1503 vs
l4l5 br,vs1389
1314 1300 1289 8 1255 vs 1235 1212
1195 m
1154 m
11151042 
996 vs
985967945
908866
794 8774
744729705
654
1640 
1600 s 
1549 vs
151715101474 vs1450
14151340 vs
13041284 vs1251
1216
1193
1150 vs 1145 1121 1037
999 vs
954 vs
919863858818791
755750 vs
74-0 vs
705692670660
^1665 vs 
l64o m 
1594 s 
1548 8
1302 1471 vs l44l vs
1336 s
1289 vs 1252
1210
1196 8
1152
11241043
1022 8
955935
918 s 872
821 s
770761 vs
748726
665
Spectra of remaining oxime complexes are similar.
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TABLE 7 
(Coîitd, )
7 -METHYLS ALICYLALDOXII^'JB
Ligand Parent CobaltComplex Nitrosyl
3390 3440 m
*1674 vs
1630 s 1619 m 1642 m
1610 s 1592 s 1598 s
1588 s 1556 s 1555 8
1510 for, s 1508 1481 s
I4l2 br 1488 vs 1445 vs
1312 1445 vs 1338 s
1288 br, vs 1324 vs 1321 vs
1255 br, vs 1291 1261
1230 1249 va 1241 vs
1192 1215 1160
1156 m 1200 1138 s
1124 1165 1079
1071 1157 1057 s
1048 s 1138 s 1035
1020 br, vs 1079 1029 s
974 1048 1020 s
948 s 1022 vs 978 s
940 960 vs 959 s
899 941 944
875 m 884 vs 880 vs
840 m 860 m 865 s
788 s 856 m 855
752 vs 795 s 791 s
736 763 vs 762 vs
725 746 vs 751 vs
697 vs 715 s
691 vs
673
- 105
TABLE 8
5-Methylsalicylaldoxime 5~Chlorosalicylaldox^ mo
Ligand ParentComplex CobaltNitrosyl Ligand ParentComplex CobaltNitrosyl
3470 s 3220
^^1680 vs
3495 br, vs 3130
*1688 vs
I6l8 vs l640 s l64l m 1632 m 1642 m 1648 in
1581 vs 1616 m 1610 m 1620 1629 1599 in
1500 vs 1548 vs 1549 s 1575 m 1599 1549 m
1286 Vs 1510 vs 1510 s 1493 br, vs 1560 1520 s
1260 vs 1483 vs 1484 vs 1477 vs 1540 vs 1475 vs
1236 vs 1408 1409 s 1421 1511 1436
1216 vs 1330 vs 1325 m 1302 vs 1492 1408 s
1155 vs 1300 vs 1285 vs 1266 br, vs 1442 1340
1050 1280 1225 s 1204 1404 HI 1325
984 vs 1224 vs 1162 vs 1188 m 13 28 VS 1300 vs
968 vs 1160 vs 1139 m 1124 1296 VS 1279
934 vs 1135 vs 1034 vs 1098 s 1280 1244
896 s 1018 vs 1001 1012 8 1245 1203 m
830 vs 998 960 964 S 1208 1184 s
800 vs 952 vs 954 m 934 VS 1182 VS 1135 m
772 vs 690 945 m 888 VS 1134 m 1116
732 829 vs 886 832 1120 1094 m724 in 768 â 880 822 vs 1099 m 1031 vs
669 6 756 s 829 vs 796 s 1016 vs 959
730 vs 791 8 745 1007 9 4 1 s
S?9 722 711 vs 930 s 884 s
668 668 940
924
888
883
836
821
758
724
676
s
m
vs
s
vs
KÎ
830
822
7 2 1
679
665
vs
vs
vs
m
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TABLE 9
3 »Metîioxysalicylaldoxime 5“Methoxysalicylaldoxime
IParen-t Cobalt Parent ■ CobaltLigand Gomplbx Nitrosyl CompleX Nitrosyl
3530 br, vs 3440 m 3420 3420
^17003 loo 3210
3050 1634 1635 s 1645 irû
*1660 vs 1591 Vs 1610 1614
1623 1631 m 1635 1514 br, vs 1550 s 1558 s
1579 m 1600 s 1595 m 1477 br, vs 1526 s 1528
1500 1578 1554 1449 1484 vs 1510 s
l46o 1556 1507 m 1392 br, vs 1444 1488 vs
1438 m 1510 s 1466 vs 1311 br, vs l4l2 m 1416 s
1384 1470 vs 1349 1262 br, vs 1350 1358
1350 - 1445 1329 1225 s 1320 ni 1328
1330 1356 1291 vs 1195 1294 vs 1288 vs
1314 s 1328 m 1250 1185 1274 1256
1273 br, vs 1292 vs 1241 vs 1160 s 1252 1128 8
1251 br, vs 1265 1218 vs 1132 1224 s 1192
1227 s 1251 vs 1190 1055 vs 1198 1162 vs
1200 1219 s 1169 1000 br, vs 1184 8 1126
1179 1192 1102 s 954 vs 1160 VS 104-2 vs
1161 1164 1078 935 1120 1028 vs
1101 s 1150 1090 876 vs 1038 VS 962
1086 B 1101 vs 1025 s 826 vs 1010 s 94c
1007 VS 1090 979 vs 802 s 1002 852
975 vs 1079 vs 950 764 vs 940 m 836 vs
955 m 1012 s 934 722 852 ill 826 vs
692 1001 875 s 682 836 vs 794 vs
850 vs 978 vs 779 m 790 s 728
790 m 944 8 761 s 748 m 678
750 s 879 VS 733 vs 726 s
726 vs 844
779 vs
762 in 
733 vs 
718 vs
689 m 
665
704
678
m 668
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TABLE 10
5~Nitrosalicylaldoxime 3 :5"0iuitro8 aKoylaldoxim'.
Ligand
..........
ParentComplex CobaltNitrosyl Ligand Cobalt 1 Nitrosyl
3475 br,m 3460 3580 3360 br,m 3560 m! 3270 3150 3260 s
3180 ^1748 vs
^1706 br,»
1624 1643 m
l640 br,w 1648 1651 1621 vs 1599 br,vs
1590 br,s 1608 vs 1599 vs 1570 br,vs 1574 vs
1585 1595 vs 1564 s 1518 br,vs 1528 vs
1559 83 1564 vs 1511 1483 br,vs 1504 s
1522 1514 1434 m 1458 1484 s
1 1484 1488 vs 1315 br,vs l4l6 s 1456
1452 1431 vs 1295 1338 br,vs I4l8 8
j 1436 1370 1274 1320 br,vs 1356 br,vs
1 1342 br,vs 1348 vs 1245 1279 br,vs 1336 br,vs
1 1300 br,vs 1310 br,vs 1205 1234 s 1322 br,vs
1 1270 br,vs 1246 1194 1200 1280 br,vs
1255 1215 1136 m 1180 8 1226
1184 1185 1104 1124 m 1188
1169 s 1154 1085 1094 vs 1166
1140 1137 1035 vs 1014 vs 1104 vs
1110 1108 s 1006 961 1078
1084 m 1034 vs 956 ni 945 s 1044 vs
1020 1006 s 906 911 1018
998 975 852 838 s 996 s
972 961 s 836 790 s 958
958 vs 955 822 780 940 s
i 950 913 755 749 8 932
910 845 s 730 723 S 922
872 835 706 vs 695 vs 891
: 844 vs 804 680 680 857 m
832 vs 757 668 824
j 762 8 734 785
1 738 712 s 744 s
: 730 702 vs 730
1 700 656 722
i 67 k 714 vsi 700I 676
j 669
__________ L-..- .... 660
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(2)'A band of salicylaldoxime at about I58O cm.  ^ was 
assigned by Ramaswamy to a C = N  stretching vibration lowered 
by hydrogen-bonding or resonance from the normal position of 
1690 ” l640 cm»”^ for C = N  stretching vibration. As expected, 
this band moved to about 1550 cm. ^ in complexes of 
salicylaldoxime with bivalent metals. All the oximes in 
the present series had a band, or a band with a shoulder, 
between 1634 - 1579 cm.  ^ In the metal complexes, this 
band was lowered in frequency to about 1550 cm.  ^presumably 
because of coordination and because the d electrons of the 
metal can form Tt-bonds with the ligand and thus participate 
in conjugation.
(3) In the spectra of all the oximes and their 
metal complexes aromatic ring absorptions occurred in the 
range l6l2 - 1573 cm. ^
(4) A strong or very strong absorption in the
Xrange I518 - 1465 cm, found for all oximes altered on 
coordination. These absorptions were assigned to benzene 
ring vibrations perhaps coupled with C=N stretching 
vibrations,
(5) C-H deformation absorptions were found in all
-1compounds between 1500 - 13OO era.
(6) The nitrosyl complexes had extra bands 
(compared with their starting ligands and parent complexes) 
between 1748 - I66O cm. and these were assigned to
NO stretching frequencies.
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TABLE 11
3“Etîxoxysalen 4-Nitr osalen
Ligand ParentComplex CobaltNitrosyl Ligand CobaltNitrosyl
2940 3100
2710 2950
1668 2583 ‘*“'1659 vs
1641 l640 1632 s 1620 s
1628 vs 1622 vs *1630 vs 1594 m 1556 m
1580 1601 s 1600 1544 vs 1513 vs
1498 1547 1546 Ik 90 1437 8
1378 1451 vs 14-52 vs 1350 vs 1349 vs
1368 1393 s 1396 1317 1297 8
1337 1329 s 1353 1300 1239
1319 1319 s 1343 1286 1205 in
1287 1239 vs 1326 1258 s 1189
1269 s 1219 vs 1314 vs 1240 1129
124? vs 1173 1243 vs 1212 m 1093
1197 1157 1222 vs 1180 1075
1167 1117 1176 1128 1053
1158 1107 1166 1122 984
1113 1084 vs 1153 1072 973
1095 1043 1116 m 1032 vs 951
1075 S 1023 1082 s 985 887
1035 s 969 1054 968 875
1012 949 1020 962 839
965 943 965 876 817 m
903 927 952 860 s 741 m
869 907 903 841 vs 731
835 851 883 819 8 689
786 834 860 800
753 779 852 740 VS
740 757 836 670
665 721 vs 782
760
740
656
vs
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TABLE 12
Salicylaldéhyde 1:2-propanediimiiie
--- - - - .... , ...... ' -.......  .....  -
Li gand ManganeseComplex Cobalt ' Complex CobaltNitrosyl
1633 vs 1639 1647 *1627 vs
1613 1631 vs 1635 1601 vs
1585 5 1598 1606 vs 1539 s
1517 1540 s 1338 vs 14-53 vs
1505 s 1448 vs 1449 vs 1407
1481 m 1368 1367 1389
1337 1339 8 1350 s 1343 Rî
1323 1307 s 1341 1327
1235 vs 1247 1315 s 1313 s
1247 1214 1301 1261
1227 1187 m 1850 124-9
1207 1148 m 1237 1227
1151 m 1127 1217 1217
1131 1113 1201 1800 m
1103 1085 1149 s 1149 KS
1051 m 1042 1131 1129
1089 1033 1111 1113
989 m 1002 1090 1057
954 981 1051 1031
941 973 1035 981
925 95i 1028 953
909 935 961 9 3 1
8 69 918 949 9 07 m
825 ra 911 9 31 8 8 1
7 89 862 908 m 859 m
767 vs 795 844 807
753 vs 757 s 809 757 vs
743 741 m 7 6 7  s 74-1 s
723 751 vs 671
691 731 vs 657
665 671
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TABLE 13
Salicylaldéhyde 1:3-propanediiraine
Ligand ManganeseComplex CobaltComplex CobaltNitrosyl
1634 vs 1673 ^l644 s
1610 8 l640 s 1632 8
1580 s 1624 vs 1629 vs 1617 vs
1524 1602 1618 vs 1600
1504 s 1548 s 1597 1538 m
1450 s 1536 1575 vs 1458 vs
1422 m 1452 vs 1547 8 1450
1360 1410 m 1453 VS 1403
1341 1364 1425 8 1388
1315 1348 1405 1350
1285 1318 vs 1359 1324 ra
1278 vs 1272 1344 1310
1236 1262 1321 1304
1205 8 1252 1299 vs 1258
1146 ra 1196 m 1273 1212
1142 1180 1261 1200
1126 1156 ra 1241 1146
1102 1126 1192 m 1124
1081 1115 1153 1104
1051 1062 1131 1090
1032 1041 1111 1078
1006 s 1034 1071 1030
977 996 1038 976
935 984 1021 970
894 972 979 958
885 8 964 949 922
858 s 908 m 937 904 ra
782 m 856 907 m 854
754 vs 844 863 808
736 s 802 843 762
665 780 793 753 s
754 s 766 vs 736 m
744 m 743 670
664 723
667
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Substituted-salen and Sàlicylaldehyd e propanedilmine Series
The spectra of these compounds are given in Tables
11,12 and 13.
4 . 4 . mGNETIC PROPERTIES OF COBALT( II )-SALICYLALDOXII'dB
COMPLEXES
Cobalt(II) salicylaldoxime complexes were not very 
air-sensitive when dry, but to prevent possible oxidation 
magnetic measurements were carried out on samples sealed 
in pyreX tubes. Measurements were carried out over the 
temperature range 85^ to 320^K on the 5 - (Re thy 1-, 5-%^thoxy-, 
5-chloro-, and un-substituted salicylaldoxime-cobalt(II) 
complexes. They were found to have effective magnetic 
moments at room temperature in the range 2,05 - 2.95 B.M, 
with no marked variation with temperature (Tables 14-17),
The magnetic data are plotted in Figures 24-27, and it can 
be seen that the plots of reciprocal susceptibility, ,
against absolute temperature, T, are approximately linear 
with small Curie-Weiss constants, 0 (intercepts on T axis). 
This behaviour is typical of low-spin, planar cobalt(II) 
complexes containing one unpaired electron. The departure 
of the curves from linearity at high temperature is 
probably due to a large contribution from teoiperature 
independent paramagnetism.
On the basis of their magnetic properties the 
Cobalt(II) complexes are assigned the trans-planar structure
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TABLE 14
Magnetic Susceptibility Measurements 
on Bis(salicylaldoximato)Cobalt(II)
Temperature 323.8 314.3 300.6 265.8 230,6 214.9
10^ % A 3347 3431 3455 3728 4081 4354
io“^ X Â ^ 2.988 2.915 2.895 2.683 2.450 2.297
2.95 2.94 2.88 2.81 2.74 2.73
Temperature 194.0 174.5 157.5 119.7 98,4 88.5
4706 5260 5500 7028 8339 9035
2.125 1.901 1.774 1.396 1.180 1.090
2.72 2.71 2,66 2.62
— .-.i
2.58 2.55
Diamagnetic correction = 135.3 % 10" c.g.s.u,
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TABLE 15
Magnetic, Susceptibility Measurements 
on Bis ( 5-niethylsalicylaldoximato) Cobalt ( II)
Temperature 306.3 264.8 231.5 192.0 143.6 107.6 86. 5
2100 2278 2510 2945 3883 5091 6258
1 0 - ^ 1 4.762 4.390 3.984 3.396 2.575 2.028 1.640
2.27 2.20 2.16 2.13 2.11 2.06 2.05
Diamagnetic correction - 159 % 10 ^ c.g.s.u. 
TABLE Id
Magnetic Susceptibility Measurements
on Bis(5-Methoxysalicylaldoximato)Cobalt(II) [32]
Temperature K
10-^ X a
300.4 265.8 230.2 193,9 157.7 119.9 98.5
3075 3280 3602 4195 5100 6537 7782
3.253 3.049 2.776 2.384 1.961 1.530 1 .2 8 5
2.72 2.64 2.57 2.55 2.54 2.50 2.48
88.0
86831
11152' 
2.47 I
Diamagnetic correction = 168.3 lO ^ c.g.s.u.
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TABLE 17
Magnetic Susceptibility Measurenients 
on Bis(3~Cblorosalicylaldoximato)Cobalt(XI)
Temperature 306.4 288.3 264.8 237.3 192.8 160.7 121.0
1 0 ® 'Xa 2806 2914 3087 3379 4076 4808 6352
3.564 3.432 3.240 8.959 2.454 2.080 1.574
2.62 2.59 2.56 2.53 2.51 2.49 2.48
86,8 jÜ8786 I
1.138j
2.47 I
6Diamagnetic correction = 169*6 x 10 c.g.s.u.
TABLE 18
Magnetic Susceptibility Measurements 
on Cobalt Nitrosyls
Compounds Diamagneticcorrection(c.g.s.u.)
Temper at tir e 
(*K)
1
^eff
(B.M.)
Nitrosyl-5-“fflethoxysalox 168.18 X 10~6 292.2 0.82
Nitrosyl-5“Uitrosaiox 158.96 X 10~G 292.2 1.05
Nitrosyl-salen^^®^" 170.8 X 10“^ 292.5 0 .6 6
Nitrosyl-acacen^^®^* 152.2 X 10"^ 296.5 0.69
Nitrosyl-3-ethoxysalen 200.54 X 10~G 291.7 0 .9 9
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FIG. 26
Bis( 5-Diethoxysalicylaldoyimato) cotait(II)
3.0
2.0
lO .
1.0
2-8
26
2-4200 300I G O
- 119
FIG.27
Bis (5-ohlorosalicylaldo:cimato) cobalt(ll)
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(Figure 28) in which there are strong hydrogen bonds between 
the phenolic oxygen atoms of one ligand molecule and the 
hydroxy»group of the other.
N==CH
HC“ IÜF
FIG.2S
The complex, bis(salicylaldoximato) nickel(II) has 
been shovm to have this structure by X-ray investigations,
4.5. MAGNETIC PROPERTIES AND STRUCTURES OF 
COBALT-SALICYLALDOXIME-NITROSYLS
The cobalt(II)-salicylaldoxime complexes were found 
to react rapidly and irreversibly with molar quantities of 
nitric oxide to give products analysing as mononitrosyls.
The compounds obtained are shown in Table 3- Magnetic 
measurements were carried out on representative examples 
of the oxime nitrosyls and the results are given in 
Table l8« The nitrosyls were found to have magnetic moments 
at room temperature well below that expected for one unpaired
- 121 -
electron, and are essentially diamagnetic. Magnetic 
moments of this order were previously found^^^ to arise 
from unusually large temperature independent paramagnetism. 
The nitrosyls (Table 3) also gave non-conducting 
solutions in dimethylformamide, and their infrared spectra 
(Tables 7-10) show that they contain coordinated nitric 
02cide. The nitrosyls are therefore assigned the tetragonal- 
pyramidal structure (Figure 29).
NO
Co
FIG. 2Q
4 .6. OXIDATION STATE OF COBALT AND NITRIC OXIDE
Since the nitrosyls are essentially diamagnetic, 
electron-pairing has occurred between the cobalt complex 
and the nitric oxide on the coordination of the latter. 
According to the discussion in Section 1.2., Chapter I, the 
nitrosyls could be considered to contain cobalt(III) and NO 
or cobalt(I) and NO^. However, the NO stretching frequencies
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are in the range now ascribed to coordinated N0~ so it seems 
that the nitrosyls should be considered formally to contain 
cobalt(ÏII) and NO , This implies that nitric oxide is acting 
as an oxidising agent, and this has been .found to be true in 
studies of related iron(II) and manganese(II) complexes»
4,7. EFFECTS OF SUBSTITUENTS ON NO STRETCHING FRSQUBNCIES
Each nitrosyl had an additinnal stronger absorption 
band in the range 1620 - 1750 era, ^ compared with the 
corresponding ligand or cobalt(II) complex. These bands 
were assigned to the stretching vibration of the coordinated 
nitric oxide molecule (Table 5-13, 19). The NO stretching 
frequencies were found to vary with substituent, and with 
the type of ligand.
It is worth noticing that the nitric oxide absorption 
bands of the oxirae series were all at higher positions 
than those of Hewlett’s substituted-salen-nitrosyis (shown 
in square brackets, Table 19). The nitrosyls of a substituted 
salleylaIdoxirae and the corresponding salen differ only in 
the replacement of the - C H ^ - - bridge in the latter by
OH groups in the former. The oxygen atom has a higher 
electronegativity than carbon atoms, thus it tends to draw 
the electrons from the metal through the nitrogen atom.
In turn this reduces the amount of metal to NO back bonding 
and increases the NO stretching frequencies (See Chapter I, 
Section 1.2.).
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TABLE 19
Parent Complexes and Nitrosyls Infrar ed bands (cm. )^
Nltrosyl-saloxSalox 16651620 vs-br) [1624]^ m-s), l600(s)
Nitrosyl-y-methyl salox 7'-methyl salox 16741619 vs ) m) , [1618]®’’“1592(3)
Nitresyl~5-methyl salox 5-methyl salox 16801640 vs)s), [lôlii]®161S(m)
Nitrosyl-5-chloro salox 5-chloro salox 16881642 vs) m), [1638]°1599(w)
Nitrosyl-3-methoxy salox 3-methoxy salox 16701631 sh) w - , I660(vs) [1635]“m), 1600(m)
Nitrosyl-5-methoxy salox 5-methoxy salox 17001635 vs) m) , [1631]®1550(8)
Nitrosyl-5-uitro salox 5-nitro salox 17061608 vs) vs ) [1696]*, 1595(vs)
Hitrosyl-3Î5-dinitro salox 3:5-dinitro salox 1748 vs ) [1724]*
Nitrosyl-sal-1:3-propane Sal-1:3-propane 16171630 vs)sh) , l6l8(s)
Nitrosyl-sal-1;2-propane^^^^ Sal-1:2-propane 16301606 vs)s)
Nitrosyl-3-ethoxy salen 3“Ethoxy salen 16311621 vs ) s)
Nitrosyl-4-nitrosalen 4-Nitrosalen 16601658 vs ) vs) , l620(s)
Nitî*osyl-benzoylacetone-enBenaoylacetone-en 16351582 vs ) m)
Nitrosyl-trifluoroacacen Trifluoroacacen 16801610 vs ) vs) , 1593(vs)
Nitrosyl acacen Acacen 16521650 m) , vs ) 1626(sh), 1602(s )
Nitrosyldibenzoylmethane-en Dibenaoylmethane-en 16781589 vs ) s)
c
a,b Frequencies in square brackets are NO stretchingfrequencies of corresponding cobalt salen nitrosyls. c Compound not obtained pure.
[4,14]
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FIG.30
Salicylaldoxirne
[ Bis(salicylaldo%imato)]oobalt(ll),
Nitrosyl ["bis (salicylaldoximato ) ] 
cobalt.
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PIG.31
2-H,ydroxyacGtophenoneosime
Nitrosyl[bis(2-hydrozy 
acetophenoneoximato)]cobalt(ll),
cm
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PIG,32
5~Methylsalicylaldoxime
[Bis (5~metiiylsalicylaldoximato )] 
cobalt(XI).
Nitrosyl[bis (S-rnethyl 
salicylaldoyimato)]cobalt.
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FIG,33
5-Chlorosalic7laldoxime
[ Bis(^ -èhlorosalicylaldoximato)] 
cobalt(ll).
Nitrosyl[bis(5-chlorosalicylaldoxiraato)]
cobalt.
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PIG.34
3-Me thoxys ali cy1ald ox ime
nitrosyl[li8(3-methoxysalicylaldoximato)] 
cobalt.
1800 1500c m
*-• 2.29 ”
1800 1500cm
PIG.35
5“MGtlioxysalicylaldoxime
[ Bis(5-*methoxysalicylaldoximato)] 
co'balt(ll).
Nitrosyl [bis(5-methoxysalicylaldoxiraato) ]
cobalt.
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15001800 cm
PIG.36
5-MtTosalicylaldoxime.
[ Bis (5“’nitrosalicylaldoximato) ] 
cobalt (ll).
Nitrosyl [bis (5-nitrosalicylaldoxirriato) ] 
cobalt.
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FIG.37
1800 1500cm'
3 :5“DInitrosalicylaldoTcime.
Nitrosyl [bis(3 î5“-dinitrosalic7laldoximato ) ]
cobalt.
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FIG.38
Bis(salicylaldéhyde)“1,3-propane diimine.
[Bis(salicylaldebyde)-l,3-propane 
diiniinato] manganese(II),
133
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FIG.39■ ,i I ■ I 1 fi p *1 'ni-rn
Bis (salicylaldehyde)-i, 3~propanediiniine.
[Bis(salicylaldéhyde)l,3-propanediiminato] 
cohalt(ll)*
Nltroayl[hi#(salicylaldéhyde)~1,3-propane 
diiminato] cohalt.
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1800 1500
Bis(salicylaldéhyde)-l,2~propanediimine,
[Bis(salicylaldéhyde)-l,2-propane 
diiminato] manganese(ll).
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FIG.41
Bis (s0.1icylaldeh5rde)-l ,2-propanediimine,
[B i s(s ali cylaldehyd e)-15 2-p rop ane 
diiminato] co'balt(ll).
îlitrosyl [bis (salicylaldéhyde )~1,2-
propanediiminato] cobalt.
180 0 cm 1500
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FIG*42
Bis (3-ethox.ysalicylaldehyde ) 
ethylenediimine.
[Bis(3-“etho3fysalicylaldeliyde ) 
ethylenediiminato] cobalt(ll).
Nitrosyl [bis(3-etho%ysalicylaldehyde)
ethylenediiminato] cobalt.
1800 an 1500
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FIG,43
Bis(4-nitrosalicylaldehyde) 
ethylenediinilne.
Nitrosyl [Bis(4-nitrosalicylaldehyde) 
ethylenediiminato] cobalt.
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FIG,44
Bis(benzoylacetone)ethylenediimine.
[ Bis (ben^oylacetone )ethylenecliiniinato] 
cobalt(ll).
Mtrosyl[ bis (benzoylacetone ) 
ethylenediiminato ] cobalt.
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1800 1500cm"
Bis (trifluoroacetylacetone )eth.ylene 
diimine.
[Bis(trifluoroacetylacetone)ethylene 
diiminato]coBalt(II).
nitrosyl[bis(trifluoroacetylacetone) 
0 tbylone d i imina to]cob alt.
—• 1^0 —
V
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PIG.46
Bis(acetylacetone)ethylenGdiimine.
[ B.is (acetylacetone ) ethylenediiminato] 
co'balt(ll).
Nitrosyl[ his(acetylacetone) ethylene 
diiminato ] cohalt.
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PIG«47
Bis(dlBenaoylmethane)ethylenediimine,
Uitrosyl[bis(dibenzoylraethane) 
ethylenediiminato]cobalt.
1800 cmr\ 1500
1142
As can foe seen from the NO stretching frequencies 
of t W  salen nitrosyls, the presence of electron-withdrawing 
sufostituents generally increased the NO stretching frequency» 
This was also ascribed to reduced metal to NO hack bonding 
when electron-withdrawing sufostituents were present* A 
similar general trend is apparent in the oxime nitrosyls, 
but is much less clear-cut. For example, although the NO 
stretching frequencies of the unsufostituted, 5-chloro,
5-nitro, and 3:5-dinitro, compounds increase in this order, 
which is compatible with their increasing electron-withdrawing 
ability, the methyl and methoxy-substituted compounds do not 
follow this pattern. Possibly since these are mull spectra, 
solid state Interactions can affect frequencies considerably 
although the overall trend is as expected. Poor solubility 
and air-sensitivity in solution prevented investigations of 
solution spectra, Dimethylformarnide was a good solvent 
for the compounds, but was not suitable for infrared 
investigations in the NO stretching region.
4.8. NITROSYLS OF QUADRIDENTATF LIGANDS 
Salicylaldéhyde Systems
It was considered by H e w l e t t t h a t  the electronic 
effects of substituents should be transmitted more readily 
to the NO group from the 4-position than from other positions. 
This was because the 4-position is para- to the - CH = N - 
group, and a conjugated system could be considered to extend
- 143
from the substituent to the coordinated NO group. He found
that the stretching frequency of the 4-chloro-substituted
compound (I686 cm, was much greater than that of the (seep, 23)
5-chloro-substituted compound (1638 cm, ^), He was not
able to confirm this with other substituents. For this
reason the 4-nitro-substituted salen nitrosyl was synthesised.
It was found to have a stretching frequency of I66O cm,
—  1lower than those of the 3-nitro-compound (l66? cm, ) or
the 5-nitro“Compound (I696 cm, so that Hewlett’s
suggestion appears to be incorrect.
The 3-ethoxy-substituted salen nitrosyl has a
stretching frequency (I63I cm, almost identical with
that of the 3-î^^ethoxy-compound (1635 cm, ^) ,
Nitrosyls were also prepared in which the
- CH_“CH,-~ bridge was replaced by -CH.-CH and
“ CH( CH^) “CHg“ bridges, This had only a slight effect on
the NO stretching frequencies which were 1624 cm,
1617 cm. and I63O cm, ^ respectively. This is as
expected, since these changes are minor compared with
replacing the bridge by OH groups. It would be of
interest to replace the bridge by long hydrocarbon chains
so that the planar ligand arrangement was destroyed.
The reaction of nitric oxide with the manganese(II)
compounds of the ligands with the - CHg-CHg-CH^- and
“ CH,(CH ) “CH„“ bridges was also investigated. No reaction j 2
took place. The first of these compounds has beenr 25]reported to combine reversibly with oxygen, nitrogen,
144 -
and carbon monoxide so it was expected to react readily with 
nitric oxide » In fact, the compound was not found to react 
with 03sygen or nitrogen so that the earlier results seem in 
error. An explanation of the discrepancy may be that the 
samples of the manganese compound obtained in this work 
were "inactive". Cobalt salen can be obtained in a solid 
form inactive to oxygen,
Acetylacetone and Related Systems
The NO stretching frequency of the nitrosyl derived 
from trifluoroacetylacetoneethylene diimine (I68O cm, is 
higher than that of the acetylacetoneethylenediimine nitrosyl 
(1652 cm, ^), Thus, the strongly electron-withdrawing 
-CF^ group has a similar effect to nitro-substituents in the 
salicylaldoxime and salen systems. On the other hand, as 
the bensoylacetoneethylenediimine nitrosyl has a lower 
stretching frequency than either of these (1635 cm, 
phenyl groups appear to be electron-releasing. However, 
although an analytically pure compound was not obtained from 
the reaction of nitric oxide with dibenzoylmethaneethylene- 
diittiine and cobalt acetate, the product had an intense 
absorption at I678 cm. ^ which is probably due to coordinated 
nitric oxide. If this is true, the phenyl groups appear 
to be electron-withdrawing in this compound.
The nitrosyls containing quadridentate ligands are 
considered to have similar structures to the oxime nitrosyls.
- 145 -
GENERAL CONCLUSIONS
It has been possible to prepare a large nui;iber of 
five coordinate raononitrosyls by reaction of nitric oxide 
with a “variety of planar cobalt(II) complexes. It has 
also been shown that the NO stretching frequencies are 
dependent upon the electronic effects of substituents in 
the ligands. In general electron-withdrawing substituents 
increase the NO stretching frequency. This can be 
explained by assuming that electron-withdrawal reduces the 
amount of metal to NO back-bonding, and therefore increases 
the N-0 bond order. The work therefore provides further 
infrared evidence for the importance of back bonding in 
metal nitrosyls.
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